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INTRODUCTION 


There  are  numerous  factors  which  affect  crop  pro- 
duction. Emphasis  has  been  placed  on  controllable 
variables  In  developing  a relationship  between  crop 
yields  and  multiple  factors  of  production. 

Experiments  have  been  conducted  throughout  the  world 
on  growth  and  nutrition  of  corn  and  contrasting  results 
have  been  obtained  due  to  variations  in  season  and  location. 
In  recent  years,  there  has  been  a great  deal  of  interest  in 
determining  the  maximum  potential  production  of  corn.  Lamar 
Ratliff  (104)  reported  a yield  of  304  bushels  of  corn  per 
acre  in  Mississippi.  Yields  of  200  bushels  or  more  have 
been  reported  from  other  parts  of  the  United  States.  How- 
ever, most  attempts  to  produce  200  bushels  of  corn  per  acre 
have  failed.  This  may  be  due  to  the  inability  of  adapted 
prolific  hybrids  to  produce  two  or  more  ears  on  all  plants 
under  light  conditions  found  at  high  population  densities. 

In  Florida,  maximum  corn  yields  have  been  increasing  for 
several  years.  In  12  years  the  increase  in  the  maximum 
yield  has  been  over  200  per  cent;  however,  the  average 
yield  per  acre  was  only  38  bushels  per  acre  in  1963f 

1 Florida  Department  of  Agriculture,  Agricultural 
Statistics,  Florida  Department  of  Agriculture.  Tallahassee, 
Florida,  1963. 
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The  factors  limiting  maximum  crop  production  in 
Florida  have  not  been  clearly  determined  (14,  32,  47, 

100,  115).  Rainfall  distribution,  soil  fertility, 
diseases  and  insects,  and  yielding  ability  of  hybrids  are 
listed  as  limiting  factors  to  corn  production,  but  other 
factors  such  as.  light,  carbon  dioxide  and  temperature 
have  received  little  attention  as  possible  limiting 
factors  (115). 

Another  problem  which  has  received  considerable 
attention  in  Florida  in  recent  years  is  lack  of  suitable 
soils  for  crop  production.  Interests  have  been  focused 
on  the  use  of  flatwood  soils  for  growing  crops  due  to  high 
land  prices  along  with  the  expansion  of  the  livestock 
industry  (126).  However,  these  flatwood  soils  have  not 
been  used  extensively  for  crop  production  due  to  the  presence 
of  a fluctuating  water  table  and  other  management  difficulties. 
Liming,  fertilization  with  major  and  minor  elements,  and 
control  of  the  fluctuating  supply  of  water  are  recognized 
management  problems  (25,  34,  36,  67,  114).  However,  the  in- 
fluence of  minor  elements  and  water  table  has  not  been 
thoroughly  investigated. 

The  present  study  was  started  to  determine  how  corn 
yields,  nutrient  uptake,  and  recovery  of  fertilizer  nutrients 
are  affected  by  fertilization  rates  and  placement  patterns, 
plant  population  and  hybrid  on  flatwood  soils. 


REVIEW  OP  LITERATURE 


Effects  of  Fertilization  on  Growth  and  Nutrition  of  Corn 

Proper  fertilization  for  maximum  corn  grain  pro- 
duction with  maximum  efficiency  has  become  a subject  of 
considerable  concern.  Large  numbers  of  experiments  have 
been  carried  out  concerning  time,  method,  type  and  rate 
of  fertilizer  application  in  various  parts  of  the  world. 
Attempts  have  been  made  to  find  factors  involved  in  pro- 
moting growth  and  increasing  corn  yields  and  considerable 
progress  has  been  made  in  some  areas. 

Through  adequate  fertilization  and  adoption  of  proper 
soil  management  practices,  yields  of  corn  of  100  bushels, 
or  more,  per  acre  can  be  produced  on  soils  once  considered 
unsulted  to  this  crop.  It  is  now  laaown  that  unprofitable 
yields  of  corn  on  many  soils  are  due  mainly  to  the  failure 
of  soils  to  supply  sufficient  nutrients  to  the  plant. 

v Smith  (129)  recommended  rates  of  160  to  215  pounds  of 
N,  45  to  80  pounds  of  PgO^,  an<^  90  to  175  pounds  of  K2O 
per  acre  for  production  of  100  bushels  of  corn  (including 
stover ) per  acre  in  Missouri.  In  Tennessee,  Long  (76) 
found  that  160,  55,  and  100  pounds  of  N,  P20jj,  and  K20  per 
acre,  respectively,  were  needed.  Because  of  the  high 
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nutrient  requirements  of  maize  research  workers  have 


concluded  it  to  he  a good  Indicator  of  the  nutrient  status 
of  soil  and  of  the  effectiveness  of  fertilizer  added  to 
the  soil. 

irlier  works  by  Jones  and  Houston  (61)  and  more 
recently  by  Sayre  (119)  indicated  that  the  period  in  which 
the  plant  exercised  the  greatest  demand  for  the  nutrients 
began  about  10  days  before  tassellng  and  ended  about  25  to 
30  days  later/;  Sayre  (119)  found  a maximum  rate  of  N 
absorption  of  more  than  4 pounds  per  acre  per  day  during 
the  tassellng  and  silking  stage.  Chandler  (11),  in  North 
Carolina,  studied  the  nutrient  uptake  of  corn  grown  under 
a high  rate  of  fertilization.  He  observed  that  although 
oorn  absorbed  large  amounts  of  available  nitrogen  through- 
out the  season,  the  most  rapid  nitrogen  uptake  occurred 
^uring  the  period  of  early  plant  growth  and  the  period  of 
grain  production.  There  was  a continuous  phosphorus  uptake 


to  within  2 to  3 weeks  of  maturity.  Oorn  grain  contained  70, 
82,  and  16.5  per  cent  of  the  total  plant  uptake  of  nitrogen, 
phosphorus,  and  potassium,  respectively.  It  is  logical  to 
assume  that  it  is  very  important  to  supply  the  plants  with 
ample  quantities  of  nutrients,  especially  nitrogen  and  par- 
ticularly during  the  period  from  about  10  days  before 
tassellng  until  25  to  30  days  after  tassellng. 


Many  investigators  (8,  20,  31,  50,  68,  69,  103,  105, 
140)  found  a marked  increase  in  oorn  grain  yields  with 
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nitrogen  application.  Jenny  (56)  observed  a definite 
parallelism  between  the  nitrogen  content  of  soil  and 
yields  of  corn.  He  found  that  with  12  different  Missouri 
soils  under  similar  environments,  average  oorn  yields  on 
unfertilized  plots  were  closely  related  to  soil  nitrogen 
content.  Further  evidence  of  a dlreot  relationship  between 
soil  nitrogen  content  and  corn  yields  was  shown  by  Salter 
(117). 

Harshbarger  et  al.  (44)  found  that  use  of  200  pounds 
of  8-8-8  fertilizer  before  planting  and  200  pounds  of 
ammonium  sulfate  as  side-dressing  increased  the  grain 
fraction  of  corn  by  13  per  cent.  Ratliff  (104)  showed  that 
with  good  cultivation,  productive  hybrids  and  adequate  water 
supply , corn  could  make  use  of  considerably  heavier  dress- 
ings of  fertilizers  than  is  usually  suggested.  He  was  able 
to  obtain  304.37  bushels  per  acre  by  an  application  of  1000 
pounds  of  14-14-14  fertilizer  and  300  pounds  NH4NO3. 

Results  of  an  experiment  by  Pumphrey  and  Harris  (103) 
indicated  that  the  efficiency  of  nitrogen  use  was  decreased 
as  nitrogen  rates  were  increased  from  40  to  120  pounds  per 
acre  and  was  greater  on  low  production  soil  than  on  a 
medium  production  soil  at  all  levels  of  nitrogen. 

The  percentage  recovery  of  nitrogen  decreases  as  the 
rate  of  nitrogen  application  increases  (50,  69).  Krantz  and 
Chandler  (69)  were  able  to  obtain  68,  54,  and  50  per  cent 
nitrogen  recovery  from  nitrogen  application  rates  of  110, 
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160,  and  180  pounds  per  acre,  respectively.  Ohlrogge  et 
al.  (92)  recovered,  In  general,  45  to  50  per  cent  of  the 
applied  nitrogen  in  the  grain  and  stover  of  corn.  However, 
as  much  as  60  per  cent  of  the  side-dressed  nitrogen  was 
recovered  under  ideal  conditions.  Viets  and  Domingo  (141) 
obtained  48  per  cent  nitrogen  reoovery  in  the  grain  of 
corn  on  loamy  sand. 

On  phosphorus  deficient  soils,  large  amounts  of  phos- 
phorus fertilization  are  needed.  However,  on  soils  with 
high  phosphorus  fixing  capacity,  the  major  phosphorus 
applications  are  made  earlier  in  the  rotation.  Krantz  and 
Chandler  (69)  obtained  yield  increases  ranging  from  zero 
to  35  bushels  per  acre  with  phosphorus  fertilization, 
depending  on  the  phosphorus  content  of  the  soil. 

Potassium  fertilizers  are  needed  for  maximum  crop 
production.  The  work  done  by  Reid  and  York  (106)  involved 
two  successive  crops  of  ground  nuts,  soybean,  cotton,  and 
maize  grown  on  a limited  volume  of  soil.  The  second  crop 
of  corn,  in  the  series  containing  nitrogen  and  phosphorus 
but  no  potassium,  yielded  only  20  per  oent  of  the  series 
supplied  with  all  three  major  plant  nutrients.  Porsee  ej;  ^1 
(33)  was  able  to  increase  oorn  yields  from  26  bushels  per 
acre  to  63  bushels  per  acre  by  applying  potash. 

When  an  application  of  fertilizer  increases  the  amounts 
of  plant  material,  there  is  usually  a corresponding  increase 
in  total  nutrient  uptake./  Chemical  soil  tests,  plant 
analysis,  or  a combination  of  these  two  are  often  used  in 


diagnosing  nutrient  requirements  of  plants.  ( Numerous 
workers  (1,  4,  68,  138,  142)  have  shown  that  addition  of 
nitrogen  to  soil  increased  the  nitrogen  percentage  in  the 
leaves  and  grain  of  corn.  Pulton  and  Findlay  (35)  found 
a higher  coefficient  of  correlation  between  grain  yield 
and  nitrogen  percentage  in  the  topmost  leaf  than  between 
grain  yield  and  nitrogen  percentage  in  the  grain.  Results 
of  experiments  by  Viets  et  al.  (142)  showed  that  the 
nitrogen  content  of  leaves  selected  before  silking  gave 
lower  correlation  with  yields  than  those  selected  at 

Tbe  correlation  between  yield  and  nitrogen  content 
at  silking  was  high  if  plants  at  this  stage  had  accumulated 
about  60  per  cent  of  the  total  seasonal  uptake  of  nitrogen. 

(Numerous  workers  (4,  35,  138,  142)  have  reported  an 
increase  in  the  per  oent  of  nitrogen  in  corn  leaf  and  grain 
tissue  with  the  application  of  fertilizer  nitrogen.  How- 
ever, there  was  some  disagreement  as  to  the  nature  of  the 


relation  between  applied  nitrogen,  nitrogeh  content,  and  / 
yield. 

In  conclusion,  large  yields  of  corn  are  dependent 
upon  a plentiful  supply  of  plant  nutrients  in  proper  com- 
bination with  other  growth  factors.  Adverse  seasonal  con- 
ditions and  poor  physical,  chemical,  and  biological  pro- 
perties of  soil  are  among  major  factors  which  reduce  the 
effectiveness  of  fertilization.  In  order  to  produce  good 
yields  of  oornr  proper  rates  and  types  of  fertilizers  in 
combination  with  best  hybrids  and  varities  on  suitable  soils 
under  favorable  olimatic  conditions  are  required. 
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Fertilizer  Placement 

Placement  of  fertilizer  Is  Important  to  effective 
use  of  nutrients  by  plants.  Incorrect  placement  of 
fertilizer  may  result  in  crop  losses  through  damage  to 
the  germinating  seeds  or  young  seedling.  Plant  root  dis- 
tribution with  time  and  fixation  of  fertilizer  nutrients 
by  the  soil  are  additional  factors  which  may  be  considered 
in  the  placement  of  fertilizers. 

When  fertilizer  is  applied  to  the  soil  it  is  subject 
to  physical,  chemical,  and  biological  phenomena.  Miller 
and  Ohlrogge  (86)  stated. 

The  addition  of  a single  salt  or  salt  mixture 
at  a point  in  the  soil  is  followed  by  a series  of 
interrelated  physical,  chemical,  and  biological 
phenomena.  Literally  all  physical  matter  within 
and  immediately  adjoining  the  fertilized  zone  is 
directly  or  indirectly  affected  by,  or  contributes 
to,  the  dynamio  equilibrium.  Basic  laws  of  soil  and 
fertilizer  chemistry  and  physics  and  plant  and  animal 
biology  interrelate  to  contribute  to  the  final 
efficiency  of  nutrient  uptake. 

A good  deal  of  work  has  been  done  on  fertilizer 
placement,  and  many  olalms  and  counter  claims  on  the 
superiority  of  one  type  of  fertilizer  placement  over 
another  have  been  made.  It  should  be  pointed  out  that 
no  type  of  fertilizer  placement  is  the  best  for  all 
situations.  One  type  of  fertilizer  placement  may  prove 
to  be  superior  under  one  set  of  conditions  while  elsewhere 
it  may  be  practically  undesirable.  Bear  (3)  indicated  that 
the  four  variables  involved  in  efficient  fertilizer  use 
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were  the  kind  of  plant,  the  nature  of  the  soli  the  type 
of  fertilizer  salt,  and  climatic  conditions*  The  importance 
of  the  nature  of  the  soil  and  the  type  of  fertilizer  is 
shown  by  the  work  of  Speer  et  &1.  (130)  who  found  that 
banding  of  several  phosphorus  compounds  on  Susquehanna 
sandy  loam  enhanced  their  availabilities,  whereas,  little 
effect  was  secured  by  banding  dicalcium  phosphate.  Banding 
on  Houston  black  clay  did  not  accelerate  the  availability 
of  any  fertilizer  used. 

The  problem  of  improper  fertilizer  placement  is  not  a 
new  one.  However,  new  interest  has  been  focused  on  this 
problem  due  to  the  more  general  use  by  the  farmers  of  higher 
rates  of  higher  analysis  fertilizers  applied  at  planting. 
Many  workers  believed  that  the  major  cause  of  limited 
fertilizer  response  is  improper  placement.  Oummings  (19) 
stated  that  "the  most  efficient  and  most  effective  placement 
of  fertilizer  is  that  which  provides  an  adequate  supply  of 
soluble  nutrients  in  a well  aerated  zone  of  moist  soil 
occupied  by  actively  absorbing  plant  roots  at  the  period 

of  growth  when  the  demand  of  plant  for  nutrients  is  most 
acute. " 

A large  proportion  of  mixed  fertilizer  used  in  the 
United  States  is  applied  in  localized  zones  in  the  soils. 

The  majority  of  this  banded  fertilizer  is  applied  at  plant- 
ing. Miller  and  Ohlrogge  (86)  stated  that  "a  plant-available 
or  po tentl ally —available  form  of  added  nutrient  must  be 
placed  in  the  soil  where  it  will  intercept  the  extending 
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root  system  when  added  as  immobile  nutrients.  Mobile 
forms  and  immobile  forms  which  become  movable  may  be 
relocated  from  the  point  of  placement  into  absorption 
areas  subsequent  to  application.  The  nutrients  must 
occupy  sufficient  space  not  only  for  interception,  but 
also  to  permit  the  preferential  development  of  actively 
absorbing  root  surfaces  within  the  fertilizer  zone. 

During  proliferation  and  nutrient  uptake  the  other 
requisites  (temperature,  aeration,  water,  etc.)  for 
uptake  must  be  favorable." 

A knowledge  of  the  movement  of  salts  in  soil  is 
helpful  in  understanding  the  fundamentals  of  fertilizer 
placement.  Among  fertilizer  materials,  nitrates  move 
freely  in  the  soil,  while  potassium  and  ammonium  salts 
move  somewhat  slower  and  phosphate  very  little.  Sayre  and 
Clark  (118)  concluded  from  a greenhouse  study  that  soluble 
nitrogen  and  potassium  were  major  causes  of  damage  to  the 
germinating  seeds  or  young  plants  from  improper  fertilizer 
application.  Injury  to  seeds  and  seedlings  by  fertilizer 
salts  appears  to  be  due  primarily  to  the  osmotio  effect 
(10,  15,  127).  Lawton  (71,  72)  suggested  the  use  of  slowly 
soluble  and/or  insoluble  materials  to  coat  fertilizer  par- 
ticles to  reduoe  their  solubilities.  Apparently  plants 
which  are  able  to  tolerate  high  salt  concentration  without 
marked  injury  have  an  adaptatlve  mechanism.  This  area  needs 
further  study. 
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Placing  of  comparatively  small  amounts  of  fertilizer 
in  bands  near  seed  has  received  considerable  attention. 

The  further  the  fertilizer  band  is  placed  from  the  seed, 
the  lower  is  the  probability  of  root  Interception.  The 
number  of  roots  which  intercept  the  band  is  inversely  pro- 
portional to  the  distance  the  band  is  placed  from  the  seed. 

Experiments  involving  fertilizer  placement  with  maize 
by  Millar  e£  gl.  (84),  Nelson  gt  al.  (90),  Pesek  and 
Dumenil  (97),  Prummel  (101),  and  Terman  et  al.  (135)  and 
those  with  other  orops  by  Cooke  (17,  18),  Duley  (26), 

Enyi  (30),  Lewis  (74),  Lewis  and  Strickland  (75),  Prummel 
(102),  Relth  (107),  Smith  (128),  and  Welch  si  (146), 
showed  in  general  better  response  with  band  placement  of 
fertilizer  or  drilling  with  seed  than  broadcasting.  In  1948 
the  National  Joint  Committee  on  Fertilizer  Application  stated 
that  high  rates  of  fertilizer  for  corn  should  be  drilled  at 
2 inches  to  one  side  and  2 inches  below  the  seed  level. 
Somewhat  similar  dimensions  were  recommended  for  small 
grains  by  Robertson  si  al.  (111).  Millar  et  al.  (83,  84) 
observed  that  fertilizer  placed  in  a band  to  one  side  of 
the  seed  was  as  effective  as  fertilizer  placed  in  bands  on 
both  sides  of  the  seed.  Yields  of  corn  were  not  affected 
markedly  whether  the  fertilizer  was  plowed  under  or  side 
placed  in  bands  below  seed  (83). 

In  the  work  cited  above,  broadcast  and  localized  appli- 
cation did  not  have  the  same  concentration  of  fertilizer  per 
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unit  volume  of  fertilized  soli;  DeWlt  (24)  Introduced  a 
theory  by  which  one  can  estimate  a nutrient  uptake  from 
localized  plaoement  from  the  uptake  obtained  with  broad- 
oast  application  of  fertilizer.  His  theory  Is  based  on 
the  assumption  that  the  concentration  of  fertilizer  per 
unit  volume  of  fertilized  soil  Is  the  same  for  both  place- 
ment patterns,  even  though  the  proportion  of  the  total 
soli  oooupied  by  fertilizer  Is  smaller  with  localized 
placement  than  with  broadcast  application. 

The  oaloulated  relationship  between  uptake  of 
nutrient  from  localized  and  broadcast  application  was 
called  "compensation  function"  by  DeWlt,  because  as  the 
proportion  of  soli  oocupled  by  fertilizer  deoreased,  there 
was  an  Increased  nutrient  uptake  by  plants  per  unit  volume 
of  fertilized  soil.  The  compensation  function  is  represented 
by  the  equation 


where  JJr  and  are  total  nutrient  uptake  from  the 
fertilizer  with  localized  and  broadcast  application  and 
Xr  and  are  width  of  fertilizer  band  and  the  distanoe 
between  crop  row,  respectively. 

Studies  with  radiophosphorus  conducted  during  reoent 
years  have  shown  that  the  plant  will  derive  more  phosphorus 
from  banding  than  from  broadcast  application  (5,  90,  130, 
146).  Nelson  ai..  (90)  observed  that  fertilizer  mixed 
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In  the  row  or  placed  with  the  seed  Increased  uptake  of 
applied  phosphorus  by  com  during  early  growth  to  a 
greater  extent  than  when  placed  in  bands  separated  from 
seed.  However,  as  the  season  progressed,  these  dif- 
ferences disappeared.  Similar  results  were  obtained  by 
Duley  (26),  Robertson  e£  (112),  and  Weidemann  and 
Millar  (145).  Millar  and  Ohlrogge  (86)  found  that  when 
nitrogen  was  mixed  with  the  phosphorus  band,  a 100  per 
cent  lnorease  in  weight  of  phosphorus  per  plant  was 
obtained  at  all  soil  levels  of  phosphate.  However,  when 
the  nitrogen  and  phosphorus  bands  were  separated,  the 
increases  in  uptake  of  phosphorus  due  to  the  nitrogen  were 
50  and  25  to  30  per  cent  at  low  and  high  soil  phosphate 
levels,  respectively.  Several  factors  affecting  the 
phenomena  have  been  suggested:  nitrogen  salts  (54), 

residual  acidity  (150),  anion-cation  ratio  in  the  plant 
(79),  root  proliferation  (86),  cation  exchange  capacity  of 
root  (80),  and  root  efficiency  (39).  Results  obtained  by 
Stanford  and  Nelson  (132)  indicated  a greater  utilization 
of  applied  phosphorus  by  the  plants  when  fertilizer  was 
placed  at  the  seed  depth  in  the  band  in  one  or  both  sides 
of  the  seed  than  placing  in  a single  band  above  or  3 inches 
below  seed  level.  Oooke  (17,  18)  found  placing  fertilizer 
near  the  seed  resulted  in  higher  yields  of  peas  and  beans, 
whereas,  crops  such  as  sugar  beet  and  kale  made  better 
early  growth  with  plaolng  fertilizer  beside  the  seed  than 
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with  broadcast.  However,  the  two  methods  of  application 
gave  similar  results  at  harvest  for  later  orops. 

The  ability  of  plants  to  absorb  phosphorus  from 
fertilizer  located  at  various  depths  in  the  soil  is 
modified  by  soil  moisture.  With  sugar  beet  plants 
watered  well,  uptake  of  phosphorus  was  affected  slightly 
by  fertilizer  placement,  whereas  with  less  irrigation, 
placement  in  bands  at  a depth  of  4 inches  was  more  effective 
than  surface  broadcast  application  (40).  Others  (29,  93,  95, 
113)  observed  benefits  of  deep  band  placement  of  fertilizer 
in  a relatively  dry  season.  Robertson  et,  a^.  (113)  found 
that  subsoiling  alone,  placement  of  fertilizer  and/or  lime 
14  inohes  deep  increased  corn  yields  when  rainfall  was 
normally  distributed.  However,  no  benefit  was  obtained  from 
deep  fertilizer  placement  when  there  was  a heavy  rainfall 
during  early  growth  period.  Work  by  Patrick  et  a^.  (95) 
indicated  that  the  subsoil  conditions  were  unfavorable  for 
root  penetration,  deep  tillage  and  deep  placement  of  fertilizer 
increased  corn  yield.  This  led  to  shortening  the  periods  of 
moisture  stress  between  rains  due  to  an  increased  use  of  sub- 
soil moisture  resulting  from  increased  root  activity.  Root 
studies  by  Hall  a^.  (41 ) on  Norfolk  sandy  loam  and  Cecil 
clay  loam  showed  that  after  7 weeks  corn  obtained  1/3  of  its 
phosphorus  from  the  surface  3 inohes,  1/3  from  an  8-inch 
depth  and  the  rest  from  13-  and  18-lnch  depths. 
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In  conclusion,  benefits  from  fertilizer  placement  are 
dependent  upon  many  variables.  Complete  understanding  of 
all  these  variables  and  appraisal  of  the  Intensity  of  each 
of  the  factors  will  make  It  possible  to  develop  and  bring 
about  more  effective  use  of  fertilizer. 

Plant  Population 

During  recent  years,  many  Investigations  have  been 
made  concerning  the  effect  of  plant  population  on  growth 
and  yield  of  corn.  The  general  findings  suggest  that  higher 
than  average  yields  are  obtained  only  with  higher  than 
average  planting  rates.  Higher  than  average  plant  popula- 
tions require  higher  than  average  fertility. 

In  numerous  experiments  there  were  greater  Increases 
In  grain  production  from  high  populations  at  high  fertility 
levels  than  from  high  populations  at  low  fertility  levels 
(21,  27,  46,  62,  69,  88,  96,  121,  139,  14^).  Krantz  and 
Chandler  (69)  stated  that  considering  ear  size  as  well  as 
yield,  the  best  stand  for  the  prolific  hybrids  appeared  to 
be  4,000,  7,000,  and  10,  000  to  13,  000  plants  per  acre  at 
low,  medium,  and  high  nitrogen  levels,  respectively.  Jordan 
(62)  compared  the  behavior  of  corn  under  two  plant 
populations  at  three  nitrogen  levels  in  Mississippi.  With 
4,000  plants  per  acre,  the  first  60-pound  Increment  of 
nitrogen  resulted  in  a significant  yield  Increase  while 
the  yield  inorease  was  moderate  for  the  seoond  60-pound 
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Increment.  Com  yields  were  increased  significantly 
over  the  entire  nitrogen  range  with  12,000  plants  per 
acre.  Pendleton  et  ai.  (96),  in  an  experiment  involving 
9 corn  hybrids  on  two  soils,  found  that  a population  of 
16,000  plants  per  aore  gave  the  highest  average  yield  on 
highly  productive  soils,  while  12,000  plants  per  acre  gave 
the  highest  average  yield  on  soils  of  medium  productivity. 

Colville  and  McGill  ( 1 6 ) found  slight  differences  in 
yields  among  population  rates  of  16,000,  20,000,  and  24,000 
plants  per  acre  over  5 years  at  7 locations  in  Nebraska. 
Termunde  ai,.  (136)  compared  the  behavior  of  8 corn 
hybrids  grown  at  populations  of  4,000  to  32,000  plants  per 
acre  at  4 sites  having  different  yield  potentials.  They 
observed  that  the  optimum  plant  spacing  for  maximum  grain 
yield  from  a given  hybrid  appeared  to  be  characteristic  of 
that  hybrid.  They  obtained  maximum  plant  production  and 
grain  yields  at  populations  of  12,000  to  16,000  plants  per 
aore.  At  higher  densities,  grain  production  declined 
rapidly  while  forage  yield  was  comparatively  unaffeoted. 

Rickey  (110)  summarized  experiments  with  open-pollinated 
varieties  in  the  United  States  and  ooncluded  that  optimum 
planting  rates  were  lowest  for  genetically  large  plants,  low 
soil  moisture  supply,  and  low  soil  productivity. 

The  differential  response  of  corn  varieties  and  hybrids 
to  planting  rates  has  been  reported  by  many  workers  (6,  45, 
49*  81,  143).  One  may  conclude  that  corn  hybrids  with 
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similar  yield  potentials  at  normal  spacing  may  differ 
widely  in  performance  at  high  populations  and  fertility 
levels.  Duncan  (27)  found  that  variations  in  yields  among 
three  hybrids  at  any  population  were  very  small  at  low 
fertility  levels  whereas  at  high  fertility  levels  variations 
in  yields  due  to  plant  population  became  more  evident. 

The  main  factor  causing  hybrid  sued  spacing  inter- 
action seems  to  be  the  variation  in  the  capacities  of 
hybrids  to  utilize  light  efficiently.  Numerous  experiments 
(66,  99,  100)  have  shown  that  light  was  the  major  factor 
in  reduction  of  corn  yield  as  plant  density  was  Increased. 

The  grain  yields  of  maize  hybrids  at  high  plant  population 
have  been  related  to  their  tolerance  to  shading  (89,  134). 

Moss  and  Stinson  (89)  observed  that  when  corn  was  grown  under 
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50  per  oent  normal  light  at  high  plant  densities  the  grain 
yields  of  intolerant  and  tolerant  hybrids  were  reduced  88 
and  50  per  cent,  respectively.  Failure  of  plants  to  form 
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silks  or  delayed  silking  was  more  prevalent  in  the  Intolerant 
than  tolerant  hybrids.  Knipmeyer  et  (66)  found  that 
reduction  in  light  intensity  was  associated  with  an  increase 
in  nitrate  and  a decrease  in  dry  matter  and  sugar  content  of 
the  corn  plant.  Prlne  (99)  concluded  that  the  lower  leaves 
of  maize  in  dense  stands  did  not  receive  sufficient  light 
for  synthesizing  enough  food  for  respiration  and  therefore 
photosynthates  were  translocated  from  the  grain  into  these 
leaves . 
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Research  In  Florida  In  spacing  and  nitrogen  fertiliza- 
tion of  corn  prior  to  1956  showed  that  plant  populations 
In  excess  of  approximately  6,000  plants  per  acre  and 
nitrogen  In  exoess  of  60  pounds  per  acre  as  side-dressing 
did  not  result  in  a significant  Increase  in  corn  yield 
(13.  45,  51,  144).  Wofford  et  al.  (149)  found  that 
increasing  the  planting  rate  did  not  increase  corn  yields 
at  low  nitrogen  levels.  However,  at  high  nitrogen  levels, 
yields  were  Increased  when  planting  rates  were  increased. 

They  concluded  that  changing  plant  population  had  a greater 
influence  on  yield  than  ohanging  nitrogen  levels.  Norden 
(91 ) observed  an  increase  in  the  mean  grain  yield  from 
105.5  bushels  per  acre  to  132  bushels  per  acre  in  I960  as 
plant  population  was  increased  from  5,000  to  25,000  plants 
per  acre.  In  an  experiment  involving  the  effects  of 
spacing  and  planting  rates  on  the  yields  of  several  com 
hybrids  and  varieties.  Chapman  (14)  was  not  able  to  increase 
yield  with  increasing  plant  population  over  20,000  plants 
per  acre. 

In  the  paper  by  Dungan  et  gl.  (28)  in  whloh  they  pre- 
sented an  excellent  dlsoussion  on  com  plant  population  and 
productivity,  they  conclude  that,  "although  many  experiments 
have  been  conducted  to  determine  how  thick  to  plant  com,  the 
question  is  not  fully  answered.  Because  of  the  nature  of  the 
problem,  it  perhaps  can  never  be  answered  once  and  for  all. 
Each  growing  season  is  different  from  all  that  have  preoeded 
it;  the  productivity  of  the  land  is  undergoing  constant 
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changes,  and  the  Inherent  malce-up  of  the  current  hybrids 
Is  undergoing  modification.  This  does  not  mean  that 
selection  of  rate  of  planting  Is  a hopeless  riddle  or 
that  population  Is  not  an  Important  matter.  On  the  con- 
trary, It  is  intensely  Important  and  if  the  corn  grower 
applies  all  the  information  he  can  gain  on  the  subject 
and  makes  full  use  of  his  experience  and  Judgment,  he  can 
make  real  strides  in  increasing  the  grain-yielding 
efficiency  of  his  fields.” 
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Effect  of  Soil  Moisture  on  the  Growth  and  Nutrition  of  Corn 

More  and  more  attention  is  being  directed  toward  the 
water  needs  of  orops.  Lack  of  sufficient  moisture  is  one 
of  the  major  limiting  factors  of  crop  production,  not  only 
in  the  arid  and  semi-arid  areas  but  also  in  the  humid 
eastern  states.  Irrigation  has  been  practiced  frequently 
in  the  arid  regions  as  the  means  of  overcoming  moisture 
stress  and  it  is  becoming  a general  operation  in  the  sub- 
humid  and  humid  regions. 

Soil  conditions,  cultural  and  soil  management  practices, 
location  and  environmental  factors  affect  the  amount  of  water 
needed  to  produce  a corn  crop.  Average  water  consumption  by 
corn  in  Nebraska  has  been  reported  to  be  about  0.30  inch  per 
day  over  15  to  20  day  intervals  during  the  last  of  July  and 
throughout  August  (108). 

Nutrient  uptake  by  plants  may  be  influenced  by  soil 
moisture  supply.  Total  nutrient  uptake  will  be  suppressed 
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by  soli  moisture  stress  where  growth  is  limited  materially 
by  lack  of  water./  However  the  effect  of  decreasing  soli 
moisture  supply  is  not  necessarily  of  the  same  magnitude 
for  growth  as  absorption  of  nutrient.  Richards  and  Wadleigh 
(109)  stated  that  data  from  most  experiments  show  that 
reducing  soil  moisture  supply  is  associated  with  an  increase 
in  the  nitrogen  percentage,  a decrease  in  potassium  per- 
centage, and  varied  effects  on  calcium,  phosphorus  and 
magnesium  percentages  in  the  plant  tissues.  They  make  the 
following  general  statement:  " . . . It  is  well  established 

that  when  growth  of  plants  is  limited  by  soil  moisture  supply, 
nitrogen  tends  to  accumulate  within  the  plant  because  the 
rate  of  entry  is  approximately  maintained  in  conjunction 
with  the  decreased  rate  of  utilization  in  the  growth  pro- 
cesses. The  general  tendency  for  potassium  content  to  be 
relatively  low  in  plants  on  the  drier  soils  shows  that  rate 
of  K decreases  to  a greater  degree  than  does  rate  of 
utilization  in  those  slower  growing  plants.  . . . The  effect 
of  soil  moisture  on  phosphate  nutrition  is  far  less  con- 
sistent than  is  observed  for  nitrogen  and  potassium.  . . . 

The  available  evidence  consistently  shows  magnesium  to  be 
relatively  high  in  the  plants  growing  under  restricted 
moisture  supply.  . . . Since  entry  of  calcium  and  magnesium 
in  plants  tends  to  vary  reciprocally,  it  could  be  inferred 
that  characteristically  low  potassium  content  of  plants 
with  inadequate  moisture  supply  would  be  accompanied  by  a 
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relatively  high  content  of  calcium.”  Miller  and  Duley  (85) 
found  that  as  an  average  of  all  cases,  minimum  moisture 
content  gave  higher  nitrogen  percentages  and  higher  mineral 
content  than  where  optimum  moisture  was  applied  during  any 
period  of  growth.  Similar  results  have  been  reported  by 
Jenne  et  al.  (55).  In  contrast,  Greaves  and  Nelson  (38) 
found  that  in  qorn  grain  the  percentages  of  calcium,  phos- 
phorus and  potassium  were  lower  and  that  of  nitrogen  was 
higher  in  nonlrrlgated  corn  than  in  irrigated  corn. 

Mederski  and  Wilson  (82)  found  that  the  percentages 
and  total  amounts  of  phosphorus,  potassium,  and  magnesium 
in  corn  plants  were  increased  with  an  increase  in  soil 
moisture.  The  increases  in  the  percentage  of  phosphorus 
and  potassium  were  linear  at  low  relative  humidity  (50  per 
cent).  Magnesium  percentage  increased  linearly  at  high 
relative  humidity  (98  per  cent).  Olsen  et  ai..  (94)  observed 
that  uptake  of  phosphorus  by  oorn  seedlings  decreased  ex- 
ponentially as  soil  moisture  tension  was  increased.  The 
uptake  increased  linearly  with  soil  moisture  content. 

It  seems  logical  to  assume  that  variation  in  nutrient 
status  of  soils,  variation  in  the  varieties  and  hybrids  and 
differences  in  growth  stage  when  inadequate  soil  moisture  is 
a limiting  factor  accounts  for  discrepancies  in  the  results 
reported  by  numerous  workers  oonoerning  the  influences  of 
limited  soil  moisture  supply  on  the  nutrient  concentration 
in  plants. 


22 


Several  workers  (2,  65,  120)  have  indicated  the  neces- 
sity of  sufficient  soil  moisture  for  promoting  growth  and 
increasing  corn  yields,  (it  has  been  reported  that  yield 
of  corn  is  closely  related  to  subsoil  moisture  supply  at 
the  beginning  of  the  season  (73).  Bartholomew  (2)  concluded 
that  under  Arkansas  conditions  corn  yields  were  affected 
more  by  limited  summer  moisture  supply  than  by  fertilization. 
Irrigation  alone  led  to  higher  yields  than  fertilization, 
either  with  or  without  irrigation.  Peters  (98)  studied 
the  effects  of  soil  moisture  stress  and  soil  moisture 
content  on  growth  of  corn  under  different  relative  humidi- 
ties. He  observed  that  growth  of  corn  grown  in  silty  clay 
loam  or  a mixture  of  33  per  cent  loam  and  67  per  cent  sand 
was  markedly  reduoed  by  high  soil  moisture  stress  at  low 
relative  humidity,  whereas  at  high  relative  humidity,  growth 
was  affected  very  little. 

It  seems  that  the  effect  of  soil  moisture  on  growth 
and  yield  of  corn  differs  on  various  soils.  Results  reported 
by  Schwab  ^t  ai.  (120)  indicated  an  increase  in  oorn  yields 
brought  about  by  irrigation  on  soils  with  low  and  high  water 
holding  capacity  were  34  and  21  bushels  per  acre,  respectively. 
In  Indiana  Luetkemeler  and  Kohnke  (78)  stated  that  although 
moisture  supply  was  sufficient  throughout  the  growing  season, 
supplemental  irrigation  was  a sound  practice  for  ooarse- 
textured  soils.  They  concluded  that  factors  other  than  soil 
moisture  might  be  limiting  plant  growth  on  fine-textured 
soils,  thus  making  irrigation  practices  questionable. 
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Several  workers  have  reported  the  effects  of  soli 
fertility  upon  yield  and  water  consumption  of  corn  (9, 

43).  In  general,  water  requirements  of  corn  were  lower 
on  high  fertility  soils  than  on  low  fertility  soils. 
Montgomery  and  Kiesselbaoh  (87)  and  Kiesselbach  (64) 
showed  a reduction  in  water  requirements  of  corn  plants 
by  the  addition  of  fertilizers  to  the  soil.  On  poor 
soils,  addition  of  fertilizer  lowered  the  water  require- 
ments of  maize  by  one-half,  whereas  the  effect  was  slight 
on  highly  productive  soils.  Widtsoe  (147)  reduoed  the 
water  requirement  of  corn  through  the  application  of  manure 
and  nitrogen  fertilizers  and  Kelley  (63)  was  able  to 
decrease  the  water  requirement  for  each  ton  of  hay  through 
application  of  phosphorus  to  low  phosphorus  soils  under 
irrigation  conditions.  Hanks  and  Tanner  (43)  obtained  an 
increase  in  the  yield  of  com  and  oats  per  lnoh  of  water 
with  nitrogen  additions. 

The  response  of  corn  to  nitrogen  was  studied  under 
various  water  tables  in  the  greenhouse  by  Shalhevet  and 
Zwerman  (122).  They  observed  that  dry  weight  of  top  and 
roots  and  height  of  plants  under  fluctuating  or  high  water 
table  were  greater  with  nitrogen  than  without  nitrogen.  The 
results  of  later  work  by  Shalhevet  and  Zwerman  (123)  indi- 
cated that  lack  of  oxygen  and  available  nutrients  were  major 
factors  restricting  plant  growth  in  the  saturated  soils. 

Data  from  numerous  experiments  indicated  that  com  was 
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especially  sensitive  to  soil  moisture  stress  at  about  the 
tasseling  and  silking  period  and  emphasized  the  importance 
of  adequate  moisture  during  these  periods  (22,  23,  37,  48, 

70,  85,  116,  125,  131). 

Miller  and  Duley  (85)  arbitrarily  divided  the  growing 
season  of  corn  into  30-day  periods.  Optimum  (28  per  cent) 
and  minimum  (13  per  cent)  soil  moisture  levels  were  kept  in 
all  possible  combinations  within  these  periods  of  growth  on 
a fairly  fertile  soil  of  coarse  silt  loam  texture.  They 
found  that  the  plant  was  most  sensitive  to  moisture  stress 
during  the  period  of  silking  and  ear  growth  as  far  as  grain 
yield  was  concerned.  Total  dry  weight  of  the  plant  was 
affected  greatly  by  moisture  supply  during  the  second  30- 
day  period  of  growth  (from  the  time  plants  set  their  ninth 
leaves  until  tasseling).  When  plants  were  exposed  to  moisture 
stress  early  in  the  growing  season,  vegetative  growth  was 
stunted  slightly.  However,  plants  recovered  if  moisture 
levels  were  favorable  during  the  last  two  periods,  but  a 
moderately  large  reduction  in  grain  yields  was  observed  and 
time  for  maturity  was  prolonged.  Howe  and  Rhoades  (48) 
tested  thirteen  irrigation  treatments  on  very  fine  sandy 
loam  to  study  the  importance  of  maintaining  a low  soil  mois- 
ture tension  during  various  stages  of  maize  development.  They 
found  that  a low  soil  moisture  tension  throughout  a growing 
season  was  essential  for  maximum  yields.  When  a high  soil 
moisture  stress  was  alleviated  by  irrigation  during  the 
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ta88eling  period,  grain  yields  were  increased  appreciably, 
but  the  yields  were  markedly  lower  than  when  a low  soil 
moisture  stress  was  maintained  throughout  the  tassellng 
and  silking  periods.  Robins  and  Domingo  (116)  reported 
reduction  of  22  and  50  per  cent  in  corn  yields  as  the 
result  of  moisture  deficits  for  periods  of  one  to  two  and 
four  to  six  days,  respectively,  during  tassellng  and  silking 
periods. 

In  an  experiment  by  Larson  et  al.  (70)  low  amounts 
of  irrigation  water  preoedlng  pollination  followed  by 
large  amounts  of  water  during  pollination  and  low  quan- 
tities for  the  rest  of  the  growing  season  produced  as 
much  corn  as  large  quantities  of  water  during  the  entire 
growing  season. 

Numerous  experiments  including  those  of  Howe  and  Rhoades 
(48),  Miller  and  Duley  (85),  and  Robins  and  Domingo  ( 1 1 6 ) , 
indioated  that  moisture  deficiency  throughout  the  growing 
season  resulted  in  stunted  plants  having  short  intemodes, 
more  root  growth  in  relation  to  top  growth,  poor  leaf  growth, 
delayed  silking  and  tasseling,  delayed  maturity  and  small, 
poorly  filled  ears. 

It  is  logical  to  oonclude  that  com  cannot  be  grown 
profitably  without  irrigation  in  arid  areas.  Irrigation 
changes  oora  from  a marginal  to  a profitable  crop  in  semi- 
arid  regions.  It  removes  the  ever  present  hazard  of  drought 
in  the  subhumid  and  humid  seotlons. 


EXPERIMENTAL  METHODS 


The  experimental  site  Is  located  at  the  University 
of  Florida  Beef  Research  Unit,  about  11  miles  northeast 
of  Gainesville,  on  Leon  fine  sand.  The  profile  charao- 

p 

teristics  of  the  Leon  series  are  as  follows: 


Inches 

0-5  Dark  gray  (lOyR  4/1)  fine  sand,  single  grained 

with  some  light  gray  sands  to  give  salt  and  pepper 
appearance. 

5-12  Light  gray  (lOyR  6/ 1)  fine  sand,  single  grained, 

12  -14  Black  (lOyR  2/l ) fine  sand,  commonly  massive, 
firm  to  friable  when  moist, 

14  -20  Dark  brown  (lOyR  3/3)  fine  sand,  single  grained, 

20  -24  Dark  grayish  brown  (lOyR  4/2)  fine  sand,  single 
grained. 

24  -36  Grayish-brown  (lOyR  5/2)  fine  sand,  grading  to 
light  browniBh  gray  and  to  light  gray  with 
increasing  depth. 


The  drained  tract  is  300  feet  wide  and  400  feet  long.  The 
Leon  soil  in  this  area  has  an  organic  pan  beginning  at  depths 
of  10  to  20  inches.  A fine  sandy  loam  layer  is  generally  in 
the  area  beginning  at  depths  of  30  to  48  inohes.  Depths  to 
sandy  clay  loam  which  apparently  underlies  the  whole  area 
varies  from  about  60  inohes  to  greater  than  J2  inches. 

Supplied  by  Mr.  R.  G.  Leighty,  Associate  Soil  Surveyor, 
Florida  Agricultural  Experiment  Station,  Gainesville,  Florida. 
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The  land  was  cleared,  left  idle  for  several  years, 
and  In  1958  was  leveled  with  a road  grader  to  a 0.25  per 
cent  slope  In  north  to  south  direction  with  some  movement 
of  topsoil  to  the  south  end.  Plastic  mole  drains  were 
Installed  in  a 10-foot  spacing  at  a depth  of  18  Inches  in 
one  third  of  the  plot  and  at  30  Inches  in  the  remainder.  In 
I960  com  was  planted  with  a uniform  light  application  of 
fertilizer  in  the  row.  No  corn  was  harvested  due  to  the 
poor  growth  which  resulted  from  the  lack  of  fertilizer, 
lime,  and  weed  control.  In  1961,  the  plastic  tile  was 
replaoed  by  clay  tile  spaced  20  feet  apart  at  depths  as 
described  above. 

A 12  x 3 x 2 factorial (fertilizer  rate  and  placement 
pattern,  plant  population,  and  corn  hybrid)  experiment  was 
conducted  in  1963.  Prior  to  fertilization,  18  soil  samples 
were  taken  with  a 1-lnch  diameter  tube  from  each  block  in 
6-inch  increments  to  a depth  of  18  inches.  Soil  pH  and 
extractable  calcium,  magnesium,  phosphorus,  and  potassium 
were  measured  by  the  University  of  Florida  Soil  Testing 
Laboratory  using  methods  described  by  Breland  (7). 

On  March  21,  1963,  high  calcic  limestone  and  dolomite 
were  broadcast  at  rates  of  1800  and  2866  pounds  per  acre, 
respectively.  The  dolomite  contained  0.5  per  oent  FTE  503^ 
as  a source  of  iron,  manganese,  zinc,  boron,  and  copper. 

3 A fritted  souroe  of  traoe  elements  manufactured  by 
the  Ferro  Corporation,  Cleveland,  Ohio. 
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These  materials  were  mixed  to  depths  of  4 to  6 inches  by- 
disking.  The  experimental  site  was  looated  at  the  south 
end  of  the  drained  tract.  Blooks  1 and  2 (100  x 225  feet 
on  an  18  inch  water  table)  were  separated  from  blooks  3 
and  4 (100  x 225  feet  on  a 30-inoh  water  table)  by  100 
feet.  The  size  of  individual  plots  was  10  x 15  feet 
oriented  north-south  with  the  rows  oriented  in  the  same 
direction.  Plots  were  located  so  that  one  edge  terminated 
over  tile  and  the  other  midway  between  tiles. 

The  treatments  consisted  of  12  fertility  combinations 
(Table  1),  3 planting  rates  (19,360,  27,922,  and  38,720 
plants  per  aore)  and  2 corn  hybrids  (Florida  200  and 
Dekalb  805). 

After  locating  the  plots  and  rows,  a complete  fertilizer 
analyzing  5-10-15  (N-P2O5-K2O)  was  hand-applied  on  March  25  to 
the  soil  surface  in  various  rates  and  placement  patterns 
(Table  1).  The  fertilizer  was  placed  so  that  the  corn  row 
would  be  in  the  center  of  the  fertilized  band.  During  the 
course  of  fertilization,  relatively  strong  winds  inter- 
rupted fertilizer  application  and  some  fertilizer  loss  and 
nonuniform  patterns  of  application  resulted.  After  the 
fertilizer  was  applied,  the  soil  surface  was  sprinkler 
irrigated  to  minimize  soil  and  fertilizer  blowing.  The 
fertilizer  was  incorporated  to  the  desired  depths  by  using 
a garden  rotavator.  After  culti packing,  Florida  200  hybrid 
corn  (long  season  - large  stalk)  and  Dekalb  805  hybrid  com 


Fertilizer  rate  and  placement  pattern  In  com  experiments  on  Leon  fine  sand,  1963 
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aMixed  fertilizer,  approximately  15-4.57-12.45  (H-P-K). 
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(short  season  - small  stalk)  were  planted  on  March  31  and 
April  1,  respectively,  using  planting  pattern  of  18  x 18, 

15  x 15,  and  9 x 18  inches  for  the  three  plant  populations. 
The  plots  contained  6 rows  in  18-lnch  spacings  and  8 rows 
in  the  15-inoh  spacing.  Atrazine  at  the  rate  of  4 pounds 
per  acre  was  used  for  weed  control.  Any  missing  plant  in 
the  two  center  rows  was  replaced  by  a single  com  seedling 
grown  outdoors  in  a small  peat  pot. 

Maintenance  practices  consisted  of  side  dressing  the 
corn  with  ammonium  nitrate  to  bring  the  ratio  of  applied 
nutrients  to  15-10-15  (N-P205-K20)  at  the  knee-high  stage 
of  growth.  DDT  (5  per  cent  dust)  was  used  for  budworm 
oontrol  as  needed.  Rainfall  was  sole  source  of  water.  The 
water  table  was  controlled  near  the  18  and  30  inch  depths 
by  passing  water  through  the  tiles  continuously.  Mean- 
while, hand-pulling  and  hoeing  aided  in  the  control  of 
weeds. 

A recording  rain  guage  was  Installed  near  the  experi- 
mental site.  A record  of  weekly  rainfall  was  kept  for  the 
period  Maroh  1,  1963  to  June  29,  1963.  The  above-ground 
portions  of  Dekalb  805  and  Florida  200  were  harvested  July 
29  and  August  8,  respectively.  The  two  center  rows  were 
selected  for  harvest  with  9 feet  of  row  being  used  from  the 
plots  with  18-inoh  row  spacings  and  10  feet  of  row  from  the 
plots  with  15-inoh  row  spaoings.  Plants  harvested  per  plot 
were  12,  16,  and  24  for  the  plant  populations  of  19,360, 
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27,922,  and  38,720,  respectively.  Any  plant  which  looked 
shorter  than  average  and  appeared  to  be  a transplant  was 
not  Included;  instead,  a nearby  plant  in  an  adjacent  row 
was  seleoted  randomly.  Ears  of  plants  from  each  plot  were 
removed,  oounted,  placed  in  cabbage  bags  and  dried  at  60- 
70°C.  Com  stalks  were  bound  and  left  to  air-dry  in  an 
open  shelter  near  the  experimental  site.  The  shelling 
percentage  was  determined  on  randomly-selected  corn  ears 
from  ten  plots  for  eaoh  hybrid.  The  moisture  content  of 
representative  samples  of  corn  grain  was  determined  on  a 
Steinllte  moisture  tester.  Five  plots  for  each  hybrid 
were  selected  at  random.  The  grain  yields  were  adjusted 
to  bushels  of  shelled  corn  per  acre  at  a 15  per  cent  moisture 
on  the  basis  of  calculated  shelling  percentage  of  both  hybrids. 
Three  to  four  corn  ears  representative  of  each  bag  were  ground 
through  a Wiley  mill  twice,  with  two  different  screen  sizes, 
and  stored  for  chemical  analysis. 

When  the  corn  stalks  were  air-dry,  they  were  weighed 
and  passed  through  a silage  chopper.  Subsamples  were  dried 
at  60-70°0  for  moisture  determination.  The  samples  were 
then  ground  in  a Wiley  mill  and  stored  for  chemical  analysis. 
During  the  period  August  29,  1963,  to  February  24,  1964,  12 
soil  samples  per  plot  in  blocks  3 and  4 and  9 soil  samples 
per  plot  in  blocks  1 and  2 were  taken  in  6-lnoh  Increments 
to  a depth  of  18  Inches.  A l£  inch  diameter  tube  was  used 
for  sampling  at  random  in  the  rows.  The  soil  samples  were 
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air-dried,  passed  through  a 2 millimeter  sieve  and  sub- 
mitted to  the  University  of  Florida  Soil  Testing  Labora- 
tory for  the  following  analyses*  pH,  and  extraotable 
calcium,  magnesium,  phosphorus  and  potassium. 

Plant  samples  dried  at  65°0  for  48  hours,  were  dry- 
ashed  as  described  by  Chapman  and  Pratt  (12)  using  one 
and  two  gram  samples  for  grain  and  forage,  respectively. 
Phosphorus  was  determined  oolorlmetrioally  and  potassium 
with  the  Beckman  DU  flame  photometer  (53).  The  flame  and 
oolorlmeter  were  calibrated  with  standard  solutions  of 
known  potassium  and  phosphorus  concentrations. 

An  analysis  of  variance  was  made  on  the  combined  data 
from  the  two  water  tables  for  com  grain,  forage  and  total 
dry  matter  yields  and  phosphorus  and  potassium  uptake  by 
com  ear,  forage  and  total  plant.  Also,  the  relationship 
of  yields  of  dry  matter  to  fertilizer  rate  and  plant  popu- 
lation was  evaluated  by  regression  analysis. 


RESULTS  AND  DISCUSSION 


Field  and  laboratory  data  collected  before  and 
throughout  the  experiment  were  organized  Into  three  groups 
on  the  basis  of  the  nature  of  the  response  measured. 

Mvlronmental  Conditions 

The  extractable  soli  nutrients,  water  tables  and 
rainfall  were  the  only  environmental  data  collected. 

Soil  Analyses 

The  results  of  soli  analyses  prior  to  the  experiment 
and  after  completion  of  the  experiment  are  given  In 
Tables  2 and  3. 

The  fertility  level  was  low  throughout  the  soli  profile 
at  the  beginning  of  the  experiment.  In  general,  potassium, 
calcium  and  magnesium  contents  decreased  with  depth,  while 
pH  tended  to  increase. 

The  fertility  level  of  the  soil  after  corn  harvest 
was  still  low  In  the  control  plots  (except  for  calcium  and 
magnesium  which  were  added  to  all  plots).  Soil  pH  and  the 
amounts  of  extractable  phosphorus,  potassium,  calcium  and 
magnesium  usually  decreased  with  depth.  In  general, 
potassium  and  magnesium  moved  through  the  profile  to 
depths  of  12  to  18  inches  and  possibly  more,  while  calcium 
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TABLE  3 

Extractable  nutrients  In  Leon  fine  sand  in  relation  to  depth 
and  fertility  treatments  after  termination  of  experiment 
on  water  table  control  plots,  1963. 


Fertility 

treatment 

dH 

Extractable  nutrients. 

lbs.  ner  acre 

P 

K . 

Ca  . 

Mk 

0-6  in. 

Check 

5.9 

3 

35 

710 

129 

4/100 

5.6 

17 

95 

754 

73 

2/100 

5.7 

9 

72 

739 

94 

1/100 

5.9 

7 

69 

827 

138 

2/50 

5.6 

11 

86 

763 

94 

2/100,  3 in. 

5.9 

10 

79 

801 

114 

1/50 

5.9 

9 

72 

873 

148 

1/100,  3 in. 

5.9 

7 

65 

847 

141 

0.5/50 

6.0 

5 

51 

857 

137 

2/25 

5.8 

10 

79 

833 

116 

1/25 

5.9 

6 

56 

774 

116 

0.5/25 

5.9 

6 

57 

801 

144 

6 - 12  in. 

Check 

5.2 

2 

16 

178 

41 

4/100 

5.1 

5 

35 

224 

36 

2/100 

5.2 

2 

26 

224 

42 

1/100 

5.4 

2 

25 

257 

53 

2/50 

5.3 

2 

30 

256 

46 

2/100,  3 in. 

5.3 

2 

30 

256 

46 

1/50 

5.2 

3 

28 

288 

57 

1/100,  3 in. 

5.3 

2 

26 

262 

52 

0.5/50 

5.4 

2 

22 

265 

51 

1/25 

5.2 

2 

23 

188 

41 

0.5/25 

5.2 

2 

22 

203 

48 
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TABLE  3 (Continued) 


Fertility 

treatment 

. PH 

Extractable  nutrients,  lbs. 

per  acreb 

P 

K 

Oa 

Mg 

12  - 18 

in. . 

Chech 

5.1 

1 

20 

89 

27 

4/100 

4.9 

3 

34 

94 

29 

2/100 

5.0 

1 

21 

62 

27 

1/100 

5.0 

2 

19 

82 

32 

2/50 

5.6 

2 

22 

87 

31 

2/100,  3 in. 

5.1 

2 

23 

100 

32 

1/50 

5.0 

2 

21 

90 

24 

1/iqo,  3 in. 

5.1 

2 

21 

92 

31 

0.5/50 

5.0 

2 

16 

75 

30 

2/25 

5.0 

2 

23 

96 

27 

1/25 

4.9 

2 

18 

80 

28 

0.5/25 

5.0 

1 

18 

95 

42 

aRate  in  thousands  of  pounds  per  acre  and  per  cent 
of  area  fertilized  (see  Table  1).  Depth  of  incorporation 
was  6 Inches  except  where  Indicated. 

^Nutrients  extracted  in  acid  (pH  4.8)  ammonium  acetate. 


tended  to  reach  only  Into  the  6-  to  12 -Inch  soli  layer* 
Potassium  leached  more  readily  than  calolum  due  to  the 
lower  bonding  energy  of  potassium  on  the  soil  exchange 
complex. 

Water.  lafete, 

Attempts  made  to  maintain  the  water  table  at  depths 
of  18  (blocks  1 and  2)  and  30  (blocks  3 and  4)  Inches 
were  not  thoroughly  successful.  Average  depths  to  water 
tables,  measured  at  three  locations  In  blooks  1 and  2 and 
four  locations  In  blocks  3 and  4 for  the  period  of  approxi- 
mately six  months  (from  Deoember  29,  1962  to  June  29,  1963), 
were  22,  20,  29  and  32  inches  from  the  soil  surface  for 
blooks  1,  2,  3 and  4,  respectively.  Tiles  spaced  at  20- 
feet  Intervals  kept  the  water  table  from  rising  more  than 
a few  inches  following  a rainfall. 

The  rainfall  distribution  data  in  5-day  and  monthly 
intervals  from  March  through  July  1963  are  shown  in  Table 
4.  Considerably  higher  preolpitatlon  was  recorded  in  June 
and  July  than  in  March,  April  and  May.  Also  intensity  of 
precipitation  varied  considerably  within  a given  month.  In 
March  and  April,  there  was  no  rain  for  periods  of  3 to  4 
weeks  with  as  little  as  0.05  inches  to  as  high  as  2.75 
inohes  with  comparatively  much  shorter  intervals  of  rain- 
less periods. 
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Uqlfl  9*  flra,  Maltar, 

Grain  and  total  dry  matter  yields  were  of  primary 
interest  as  criteria  of  response.  The  term  "forage” 
was  used  to  refer  to  the  total  dry  matter  less  corn  ears. 
Complete  detailed  data  are  presented  in  Tables  27,  28  and 
29,  and  the  corresponding  analyses  of  variance  appear  in 
Tables  21  and  22.  Tables  of  analysis  of  variance  will  be 
discussed  in  relation  to  the  three  main  effects,  namely, 
fertility,  plant  population  and  hybrids.  Effects  that  are 
statistically  significant  (using  overall  error  term)  at 
5,  1 and  0.1  per  oent  level  of  probability  will  be  referred 
to  as  significant,  very  significant  and  highly  significant, 
respectively. 

Fertility  as  a main  experiment  variable  was  highly 
significant  for  grain,  forage  and  total  dry  matter.  This 
was  expected  due  to  the  wide  range  in  rate  and  method  of 
fertilizer  application.  A better  understanding  of  fertility 
treatment  significance  can  be  obtained  by  using  the  eleven 
degrees  of  freedom  to  make  eleven  comparisons  (Table  20). 
Yield  data  for  eleven  comparisons  are  given  in  Table  5 and 
three  of  the  most  important  comparisons  will  be  discussed  in 
detail  followed  by  brief  evaluation  of  the  others. 
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There  were  no  significant  differences  in  grain,  forage 
and  total  dry  matter  yields  between  the  treatments  where 
the  fertilizer  was  broadcast  and  incorporated  to  depths 
of  3 and  6 inches.  There  is  some  doubt  as  to  the  actual 
depth  of  fertilizer  application  in  this  experiment.  A 
garden  rotavator  was  used  to  incorporate  the  fertilizer 
to  the  desired  depth.  However,  due  to  unevenness  of  the 
soil  surface,  variations  in  soil  texture  and  struoture, 
and  limitation  of  machine,  it  was  impossible  to  incor- 
porate the  fertilizer  uniformly  at  the  specified  depths. 

The  average  grain,  forage  and  total  dry  matter  yields 
obtained  from  50  per  cent  localized  placement  of  fertilizer 
did  not  differ  significantly  from  those  produced  by  place- 
ment 25  per  cent.  Relatively  strong  winds  interrupted  the 
hand  application  of  fertilizer  when  the  plots  were  being 
established  and  resulted  in  some  loss  and  nonuniform  dis- 
tribution over  the  soil  surface.  This  factor  combined  with 
lack  of  sufficient  precision  on  the  part  of  laborers  in 
dressing  fertilizers  in  the  planned  patterns  could  have 
influenced  the  results  obtained.  Jensen  and  Pesek  (57, 

58,  59)  found  that  nonuniform  application  of  fertilizers 
resulted  in  reduced  yields  of  com,  and  they  developed 
mathematical  formulas  which  predict  these  reductions. 

There  was  a significant  difference  in  yields  of  grain, 
forage  and  total  dry  matter  between  broadcast  and  localized 
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TABLE  5 


Grain,  forage  and  total  dry  matter  yields  In  relation  to 
various  fertility  treatment  oomparisons  on  Leon  fine 

sand,  1963. 


Fertility 

Yield 

treatment 

comDarison 

Grain 

Forage 

Total  dry 
matter 

bu./acre 

lbs ./acre 

lbs ,/aore 

Broadcast  3 in. 

1000 

110 

6939 

13990 

2000 

127 

gm 

16224 

Average 

118 

7538 

15107 

Broadcast  6 in. 

1000 

117 

7020 

14499 

2000 

123 

8207 

16076 

4000 

111 

8320 

15222 

Average 

117 

7849 

15325 

Placed  50 
per  cent 


500 

89 

5972 

11644 

1000 

111 

6794 

13910 

2000 

121 

2i££ 

Average 

109 

6964 

13929 

Placed  25 
per  cent 


500 

1000 

2000 

Average 

82 

108 

125 

105 

6289 

7042 

8284 

7205 

11551 

13940 

16,255 

13915 

Broadcast 

3 and  6 in. 

118 

7723 

15238 

Placed  23  and 

50  per  cent 

107 

7084 

13922 
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fertilizer  application.  There  are  some  reasons  to  believe 
that  the  difference  In  response  was  magnified  somewhat  due 
to  the  faot  that  the  group  of  broadcast  treatments  Included 
higher  rates  of  fertilization  than  the  group  of  placed 
treatments.  The  4,000  pounds  rate  of  fertilization  was 
Included  only  In  the  broadcast  group  while  the  500  pounds 
rate  was  Included  only  In  the  placed  group  of  treatments. 
However,  If  the  differences  were  real,  It  may  reflect  a 
better  late  season  nutrient  status  In  a larger  part  of  the 
root  zone  for  the  broadcast  treatments. 

The  better  response  obtained  with  broadcast  than  lo- 
calized placement  of  fertilizer  Is  in  contrast  to  the 
finding  by  others  (84,  90,  97,  101,  135)  of  a better 
response  with  band  placement  of  fertilizer  than  with  broad- 
casting. In  the  Netherlands,  Prummel  (101)  found  that 
maize  was  markedly  stimulated  by  band  placement  of  super- 
phosphate; the  orop  grew  more  rapidly,  ripening  was  promoted 
and  higher  yields  were  obtained  than  with  the  broadcast 
dressing.  He  Btated  that  phosphate  applied  In  bands  was 
about  2.9  times  as  effective  as  broadcasting  for  corn. 

DeWIt  (24)  stated  that  more  yield  could  be  obtained  with 
localized  placement  than  with  broadcasting  for  light 
fertilizer  dressing.  However,  with  heavy  fertilization, 
broadcasting  proved  to  be  as  good  or  even  better  than 
banding. 
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Steenbjerg  (133)  also  Introduced  a theory  on  fertili- 
zer plaoement.  He  stated  that  If  the  relation  between 
yield  and  broadcast  fertilizer  rate  was  a sigmoid  curve, 
then  the  point  of  greatest  positive  slope  on  the  convex 
portion  of  the  curve  with  reference  to  the  origin  represents 
the  optimum  rate  of  fertilization.  Thus,  for  best  yields 
from  less  them  optimum  amounts  of  fertilizer,  the  producer 
should  place  the  fertilizer  over  a fraction  of  the  soli  area 
equal  to  the  ratio  of  the  amount  of  available  fertilizer  to 
the  optimum  amount.  One  can  conclude  from  this  theory  that 
If  the  quantity  of  fertilizer  Is  limited,  higher  response 
can  be  obtained  from  localized  placement  than  broadcast 
dressing. 

In  the  present  experiment,  there  were  significant  dif- 
ferences where  check  was  compared  with  the  remainder  of  the 
fertility  treatments  and  where  the  1000  and  2000  pound  rates 
of  fertilization  (broadcast,  Incorporated  to  3 inches)  were 
compared.  This  was  expected  due  to  wide  variation  In  rates 
of  fertilization. 

With  broadcast  treatments,  the  response  was  quadratic 
for  forage  and  total  dry  matter.  However,  when  the  fer- 
tilizer was  placed  25  per  cent,  the  responses  became  quad- 
ratio  for  grain  and  linear  for  forage  and  total  dry  matter. 
This  could  have  a practical  significance  if  corn  was  to  be 
used  for  silage  or  forage  in  which  case  even  higher  rates 
of  fertilization  might  be  Justified.  Grain,  forage  and 
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total  dry  matter  showed  only  a linear  response  with  50 
per  cent  localized  placement,  Indicating  a consistent 
linear  Increase  In  corn  yields  with  fertilization. 

The  differences  In  types  of  response  obtained  for 
grain  with  fertilizer  broadcast  and  placed  25  or  50  per 
cent  might  be  attributed,  as  Indicated  previously,  to 
higher  rates  of  fertilization  Included  In  broadcast  group 
than  In  the  localized  placement  group.  However,  the 
reason  for  the  differences  between  25  and  50  per  cent 
placement  are  not  clear. 

Population 

It  Is  evident  from  Table  6 that  overall  average  grain 
yield  was  Increased  up  to  the  medium  population  and 
decreased  thereafter  while  forage  and  total  dry  matter 
production  were  Increased  with  planting  rate.  Grain  yield 
at  the  low  plant  density  was  significantly  higher  than 
that  at  the  highest  population  whereas  the  reverse  was  true 
for  forage  and  total  dry  matter  production.  Plant  popula- 
tion did  not  Interact  either  with  fertility  or  hybrid 
(Table  21). 

The  overall  average  grain  production  of  DeKalb  805 
was  significantly  more  than  that  of  Florida  200  (Table  6). 
However,  the  latter  hybrid  produoed  signlfioantly  higher 
forage  and  total  dry  matter  than  the  former  one. 
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TABLE  6 


Grain,  forage  and  total  dry  matter  of  DeKalb  805  and  Florida 
200  In  relation  to  plant  population  on  Leon  fine  sand,  1963. 


Hybrid 

.....  Yield 

la 

2 

3 

Average  _ 

Grain, 

bu./acre 

DeKalb  805 

115 

117 

109 

114 

Florida  200 

-21 

121 

-81 

-26 

Average 

106 

111 

98 

105 

Forage 

, lbs. /acre 

DeKalb  805 

4598 

5678 

6737 

5671 

Florida  200 

7419 

8699 

9145 

2421 

Average 

6009 

7189 

7941 

7046 

Total  dry  matter. 

lbs. /acre 

DeKalb  805 

11990 

13197 

13810 

12999 

Florida  200  13565 

15269 

14677 

14504 

Average 

12777 

14233 

14244 

13751 

aThe  plant  population  rates  were  19,360,  27,922  and 
38,720  plants  per  acre  for  numbers  1,  2 and  3,  respectively. 
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Grain  produotlon  was  probably  limited  by  the  cloudy 
weather  conditions  which  occurred  in  June  and  July.  It 
may  be  that  Florida  200  was  more  sensitive  than  DeKalb  805 
to  reduced  sunlight.  In  addition,  some  of  the  yield  dif- 
ferences between  the  two  hybrids  can  be  attributed  to  the 
fact  that  Florida  200  stalks  were  slender  and  tall  and 
lodged  to  a greater  extent  than  DeKalb  805  during  heavy 
rainfall  in  July.  Furthermore,  since  DeKalb  805  was  har- 
vested before  Florida  200,  laborers,  while  carrying  the 
former  stalks  out  of  the  field,  broke  a good  number  of  the 
latter  plants  by  walking  through  unharvested  plots. 

There  was  a significant  Interaction  between  fertility 
and  hybrid  for  grain  and  forage  yields  (Table  21).  However, 
this  Interaction  was  insignificant  when  it  was  tested  against 
its  own  error. 

A more  detailed  study  of  the  data  was  made  by  regres- 
sion analyses.  Presentation  and  discussion  of  these  data 
are  made  under  the  two  subheadings:  grain,  and  forage  and 

total  dry  matter. 

The  dependence  of  grain  yield  upon  plant  population 
and  fertilizer  rate  and  placement  pattern  is  shown  in  the 
following  equations: 
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Ydb  = 110  ♦ 58^)  - 19(XX2)  (1) 

vDp  = 124  + 50(1!)  - 43(X12)  (2) 

Ypg  = 93  ♦ 38(X1)  - 12 (Xx2)  (3) 

Ypp  = -16  + 42(Xp)  ♦ 9(Xp)  - 25(X^2) 

- 0.17(X22)  (4) 


where  Y Is  grain  yield  (bu./acre);  the  respective  sub- 
scripts D,  F,  B and  P are  DeKalb  805,  Florida  200,  broad- 
oast  and  localized  fertilizer  application  (50  and  25  per 
cent);  X^  Is  rate  of  fertilizer  In  pounds  per  acre  minus 
1000  quantity  divided  by  1000  and  X2  Is  thousands  of  plants 
per  acre. 

Equations  1,  2 and  3 Indicate  that  plant  population 
had  no  effect  on  the  grain  yield.  This  Is  in  agreement 
with  results  reported  by  Colville  and  McGill  (16)  who  found 
slight  differences  in  yields  with  16,  20  and  24  thousand 
plants  per  acre  over  five  years  at  seven  locations  In 
Nebraska.  On  the  other  hand,  the  presence  of  both  X^  and 
X2  in  equation  4 shows  that  the  grain  yield  of  Florida  200 
was  affected  by  plant  population* and  fertilizer  rate  placed 
Independent  of  each  other.  This  Is  In  agreement  with  the 
findings  of  Hammond  and  Robertson  (42)  with  Florida  200 
except  that  they  found  a significant  interaction  between 
plant  population  and  fertilizer  applied.  However,  their 
plant  populations  ranged  from  approximately  7 to  24  thousand 
plants  per  acre. 
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It  is  not  quite  clear  why  population  had  an  independent 
effect  on  grain  yield  when  fertilizer  was  placed  and  not 
when  it  was  broadcast  for  Florida  200.  It  is  also  not 
clear  why  DeKalb  805  did  not  respond  the  same  as  Florida 
200  to  placed  fertilizer. 

The  predicted  relationships  between  yield  and  ferti- 
lizer rates  are  shown  graphically  in  Figures  1 and  2.  The 
differentiation  of  equation  1 and  3 with  respect  to 
showed  that  maximum  yields  of  DeKalb  805  and  Florida  200 
(154  and  123  bushels  per  acre)  were  estimated  to  occur  at 
nearly  the  same  fertilization  rates  (2526  and  2583  pounds 
per  acre  broadcast). 

It  was  expected  that  grain  production  in  all  cases 
would  be  affected  by  plant  population  independently  or  by 
interaction  with  fertilizer  rate.  In  addition  to  Hammond  and 
Robertson  (42),  many  workers  reported  greater  increases  in 
grain  from  high  population  rates  at  high  fertility  levels 
than  from  high  planting  rates  at  low  fertility  levels  (21, 

27,  46,  62,  69,  88,  96,  121,  139,  149). 

Based  on  the  findings  of  Long  (76),  Loue  (77)  and 
Smith  (129)  the  fertilizer  rate  at  2000  pounds  per  acre 
should  have  supplied  nutrients  adequate  for  200  bushels 
of  corn  grain  per  aore.  In  this  experiment,  maximum  yields 
of  144  and  125  bushels  per  acre  for  DeKalb  805  and  Florida 
200  were  obtained  with  fertility  rates  ranging  from  1000 
to  2000  pounds  per  aore  and  plant  population  from  19,360  to 


Figure  1.  Relationship  between  grain  yield  and 

fertilizer  rate  (broadcast)  for  DeKalb 
805  and  Florida  200. 
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Figure  2.  Relationship  between  grain  yield  and 
fertilizer  rate  (placed  25  and  50  per 
cent)  for  DeKalb  805  and  Florida  200. 
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27,922  plants  per  aore.  At  higher  fertility  levels,  the 
yields  of  grain  were  reduced,  suggesting  that  some  factor 
other  than  nutrient  defiolenoies  was  limiting  yield.  In 
west  Florida,  Hutton  et  al. , (52)  found  that  fertility 
alone  did  not  increase  the  grain  yield  beyond  110  bushels 
per  acre.  In  North  Florida,  Thompson  e£  gj^. , (137) 
reported  that,  over  a period  of  12  years,  corn  yields 
averaged  65  bushels  where  750  pounds  of  8-10-8  fertilizer 
were  used  without  irrigation. 

Foj-age  and  Total  Dry  Matter 

The  relationships  between  forage  and  total  dry  matter 
yields  and  fertilizer  rate  and  plant  population  were 
evaluated  by  regression  procedures.  The  results  are 
shown  in  the  following  equations: 

(Ydb  = 2849  + 981(X1)  ♦ 90(X2)  - 480(X12) 

♦ 30(X1X2)  (5) 

(YDp  = 2992  ♦ 92(X2)  -780  (X^)  - 58(X1X2)  (6) 

Forage 

(Yyg  = 5933  ♦ 1802(X1)  ♦ 67(X2)  - 74 Q(X^) 

+ 38(XxX2)  (7) 

(Ypp  = -257  ♦ 2796(Xx)  ♦ 584(X2)  - 1743(XX2) 

- 9(X22) 


(8) 


(Ydb  = 12548  ♦ 3946(X1) 

Total  (Y^  = 11680  ♦ 4919 ( X, ) 
Dry  1 

Matter 

(Yfb  = 13730  ♦ 3255(X1) 
(Ypp  a -1243  + 5468 (Xx) 


- 1682(X12)  ♦ 57(XxX2)  (9) 

♦ 68(X2)  - 3534(X12)  (10) 

- 1496(Xx2)  ♦ 70(X]X2)  (11) 

♦ 1185(X2)  - 3342(xi2) 

- 20(X22)  (12) 


The  notations  are  the  same  as  previously  given,  except  that 
Y varies  with  the  particular  group  of  equations. 

Equations  5,  6,  7,  9 and  11  indicate  that  a significant 
interaction  existed  between  the  plant  population  and  fer- 
tilizer rate.  This  is  in  contrast  to  what  was  concluded 
from  the  analyses  of  variance  for  forage  and  total  dry 
matter  (Table  21).  However,  one  must  remember  that  analyses 
of  variance  were  made  over  the  pooled  data,  whereas  these 
regression  equations  were  calculated  only  for  a portion  of 
the  data.  In  the  group  of  five  equations  with  significant 
interactions,  the  fertilizer  was  broadcast  with  the  exception 
of  equation  6 where  it  was  plaoed  (50  and  25  per  oent).  In 
the  other  cases  where  the  fertilizer  was  placed  the  regres- 
sion equations  8,  10  and  12  did  not  contain  a significant 
interaction  between  plant  population  and  fertilizer  rate. 
Again  this  difference  in  response  to  placed  and  broadcast 
fertilizer  was  probably  related  to  the  smaller  rates  of 
fertilizer  used  in  the  placed  pattern  than  in  the  broadcast 
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application.  Equations  8 and  12  are  shown  graphically 
in  Figures  3 and  4. 

It  is  interesting  to  note  the  similarities  among 
regression  equations  for  grain,  forage  and  total  dry 
matter  yields  of  Florida  200  when  fertilizer  was  placed 
(equations  4,  8 and  12).  The  yields  of  dry  matter  were 
highest  with  the  medium  plant  population  (Figure  4). 

However,  the  response  differences  between  high  and  medium 
plant  densities  for  forage  (Figure  3)  and  medium  and  low 
plant  population  for  total  dry  matter  were  relatively  small. 
This  is  somewhat  in  contrast  to  the  way  grain  yields  were 
related  to  plant  population  (Figure  2).  The  lowest  grain 
yield  was  obtained  with  the  highest  plant  population  and 
there  were  comparatively  larger  differences  in  response  be- 
tween the  three  populations. 

There  was  a quadratic  effect  for  fertilizer  rate  in 
all  cases.  However  equation  6 is  the  only  oase  in  which 
there  was  no  significant  linear  effect  for  fertilization 
rate.  The  graph  of  this  equation  is  shown  in  Figure  3. 
Differentiation  of  this  equation  with  respect  to  the  fer- 
tilizer rate,  X^,  estimated  that  maximum  yield  was  at 
1700  pounds  of  fertilizer  per  acre  for  the  low  plant  popula- 
tion. However,  with  high  plant  population,  maximum  yield 
was  predicted  at  about  2400  pounds  of  fertilizer.  Optimum 
rate  of  fertilization  for  medium  plant  density  was  about 


Figure  3.  Relationship  between  forage  yield  and 
fertilizer  rate  (placed  25  and  50  per 
cent)  for  Florida  200. 
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Figure  4.  Relationship  between  total  dry  matter 
yield  and  fertilizer  rate  (placed  25 
and  50  per  oent)  for  Florida  200. 
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Figure  5.  Relationship  between  forage  yield  and 
fertilizer  rate  (placed  25  and  50  per 
cent)  for  DeKalb  805. 
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2000  pounds  per  acre.  It  is  Justified  to  assume  that 
the  plant  population  was  not  sufficient  to  make  most 
efficient  use  of  high  fertilization.  Also,  since  there 
was  no  quadratic  effect  for  plant  population,  higher  for- 
age yields  may  have  been  obtained  if  higher  planting 
rates  had  been  used  in  this  experiment. 

Equation  10  was  the  only  case  in  which  there  was 
neither  a quadratic  effect  in  plant  population  nor  a 
significant  interaction  between  fertilizer  rate  and  plant 
population.  Lack  of  significant  quadratic  effect  for  plant 
population  in  equation  10  and  also  in  equations  5,  6 and  7 
suggests  that  larger  yields  might  be  expected  from  plant 
populations  higher  than  those  used  in  this  experiment. 
However,  in  the  case  of  equations  5,  6 and  7,  increases  in 
plant  population  predicted  greater  yield  increases  when  the 
fertilizer  level  was  high  than  when  low.  In  equation  10, 
the  predicted  increments  of  yield  increase  due  to  changes 
in  plant  population  were  the  same  at  any  level  of  fertili- 
zation. The  graphical  representations  of  equations  7 and 
10  as  shown  in  Figures  6 and  7 confirm  this  point  further. 

It  is  interesting  to  note  that  when  fertilizer  was 
broadcast,  plant  population  did  not  have  any  effect  on 
total  dry  matter  yields  of  DeKalb  805  and  Florida  200, 
though  it  significantly  interacted  with  fertilizer  rate 
(equations  9 and  11).  Figure  8 is  a graphical  representa- 
tion of  equation  9.  Differentiation  of  this  equation  with 


Figure  6.  Relationship  between  forage  yield  and 

fertilizer  rate  (broadcast)  for  Florida 

200. 
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Figure  7.  Relationship  between  total  dry  matter 
yield  and  fertilizer  rate  (placed  25 
and  50  per  cent)  for  DeKalb  805. 
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Figure  8.  Relationship  between  total  dry  matter 
yield  and  fertilizer  rate  (broadcast) 
for  DeKalb  805. 
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respect  to  estimated  the  fertilizer  rates  (2500,  2646 
and  2829  pounds  per  acre)  at  which  total  dry  matter 
(16,338,  17,106  and  18,176  pounds  per  acre)  were  maxi- 
mum for  population  rates  of  19,360,  27,922  and  38,720  plants 
per  acre)  respectively.  At  low  rates  of  fertility,  low 
plant  population  produced  slightly  higher  yields  than 
the  other  two  plant  densities.  However,  at  high  fertilizer 
rates,  38,720  plants  per  acre  gave  more  yield  than  did  the 
two  lower  plant  populations.  On  the  other  hand,  Hammond 
and  Robertson  (42)  observed  that  at  low  fertilization,  an 
Increase  in  plant  population  from  6590  to  23,410  plants  per 
acre  tended  to  produce  an  increase  In  whole  plant  yield. 

Nutrient  Uptake 

In  this  section,  a general  evaluation  of  the  nutrient 
content  of  corn  will  be  made  at  first,  followed  by  a 
rather  detailed  discussion  of  the  effect  of  placement  on 
the  recovery  of  added  fertilizer.  The  detailed  data  per- 
taining to  the  first  portion  of  this  section  are  presented 
in  Tables  30,  31,  32,  33,  34,  and  35  and  the  corresponding 
analysis  of  variance  appear  in  Tables  23,  24,  25  and  26, 
Tables  of  analysis  of  variance  will  be  discussed  in  relation 
to  the  three  main  effects,  namely,  fertility,  plant  popula- 
tion and  hybrid. 
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Fertility 

Fertility  ae  a main  experimental  variable  was  highly 
significant  for  phosphorus  and  potassium  content  of  corn 
ears,  forage  and  total  plant.  Since  fertility  treatment 
had  eleven  degrees  of  freedom,  eleven  comparisons  were 
made  (Table  20).  Nutrient  uptake  data  for  eleven  compari- 
sons are  given  in  Tables  7 and  8.  Three  of  the  most 
Important  comparisons  will  be  discussed  in  detail  fol- 
lowed by  a brief  evaluation  of  the  others. 

The  3-  and  6-inch  broadcast  treatments  resulted  In 
significantly  different  potassium  contents  of  corn  ears, 
forage  and  total  plant  and  phosphorus  contents  in  the 
first  two  plant  parts.  In  general,  more  potassium  was 
absorbed  in  the  6-inch  treatment  (Table  8)  while  yields 
of  grain,  forage  and  total  dry  matter  were  nearly  the 
same  for  the  3-  and  6-inch  broadcast  treatments  (Table  5). 
Possibly  more  luxury  consumption  of  potassium  occurred  where 
the  fertilizer  was  incorporated  to  6 Inches. 

There  was  no  significant  difference  between  the  effect 
of  50  and  25  per  cent  fertilizer  placement  on  the  phosphorus 
and  potassium  content  of  the  corn  ears,  forage  and  total 
plant  with  the  exception  that  phosphorus  uptake  by  forage 
was  higher  with  25  per  cent  placement.  However,  as  indi- 
cated earlier,  these  two  placement  patterns  had  no  effect 
on  the  yield  of  forage. 
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TABLE  7 


Phosphorus  content  of  corn  ear,  forage  and  total  plant  in 
relation  to  various  fertility  treatment  comparisons  on 
Leon  fine  sand,  1963. 


Fertility 

treatment 

comparisons 

Phosphorus 

uptake, 

lbs. /acre 

Com  ear 

Forage 

Total  plant 

Broadcast,  3 in. 

1000 

16.29 

4.86 

21.14 

2000 

1SLi3& 

6.88 

26.1.8 

Average 

17.79 

5.87 

23.66 

Broadcast,  6 in. 

1000 

15.08 

5.11 

20.20 

2000 

16.04 

6.85 

22.88 

4000 

12.65 

26.74 

Average 

15.07 

8.20 

23.27 

Placed  50  per  cent 

500 

11.36 

4.12 

15.49 

r 1000 

14.28 

4.78 

19.06 

2000 

15. ,5, 2. 

6^36 

21,96 

Average 

13.74 

5.09 

18.84 

Placed  25  per  cent 

500 

9.14 

5.42 

14.55 

1000 

13.01 

4.68 

17.70 

2000 

i£,5g 

8JJ 

24.63 

Average 

12.88 

6.08 

18.96 

Broadcast,  3 and  6 

in. 16.43 

7.04 

23.47 

Placed  50  and  25  per 

cent 

13.31 

5.59 

18.90 
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TABLE  8 

Potassium  content  of  corn  ear,  forage  and  total  plant  in 
relation  to  various  fertility  treatment  comparisons  on 
Leon  fine  sand,  1963 . 


Fertility 

treatment 

comparisons 

Potassium 

uptake, 

lbs. /acre 

Corn  ear 

Forage 

Total  Plant 

Broadcast,  3 in. 

1000 

23.27 

65.79 

89.06 

2000 

27.60 

1P5..5Q 

133.10 

Average 

25.44 

85.65 

111.08 

Broadcast,  6 in. 

1000 

32.14 

66.77 

98.91 

2000 

34.14 

101.75 

135.89 

4000 

21*21 

152.93 

182.84 

Average 

32.0  6 

107.15 

139.21 

Placed  50  per  cent 

500 

23.93 

46.46 

70.39 

1000 

30.52 

67.39 

97.91 

2000 

33.66 

21*12 

131.36 

Average 

29.37 

70.52 

99.89 

Placed  25  per  cent 

500 

21.41 

46.75 

68.15 

1000 

28.44 

61.56 

90.00 

2000 

106,49 

140.62 

Average 

27.99 

71.60 

99.59 

Broadcast  3 and  6 in. 

, 28.75 

96.40 

125.15 

Placed  50  and  25  per 

cent 

28.68 

71.06 

99.74 
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Broadcast  fertilizer  treatment  improved  significantly 
the  phosphorus  uptake  by  corn  ear,  forage  and  total  plant 
and  potassium  absorption  by  the  last  two  parts  to  a 
greater  extent  than  localized  fertilizer  application. 
Somewhat  the  same  behavior  was  observed  for  the  yields 
of  grain,  forage  and  total  dry  matter..  (Table  5).  This 
indicates  more  efficient  uptake  and  use  of  nutrients  for 
promoting  growth  and  improving  yield  with  broadcast  rather 
than  localized  application.  However,  as  noted  previously, 
differences  in  the  nutrient  contents  between  these  two 
fertilizer  treatments  were  magnified  somewhat  due  to  the 
fact  that  higher  rates  of  fertilization  were  Included  in 
the  broadcast  treatments  than  in  the  group  of  placed  treat- 
ments , 

There  were  significant  differences  where  check  was 
compared  with  the  remainder  of  the  fertility  treatments. 
Fertilizer  at  the  rate  of  200  pounds  per  acre  incorporated 
at  3 inches  significantly  increased  the  phosphorus  and 
potassium  content  of  corn  ears,  forage  and  total  plant  to  a 
greater  extent  than  1000  pounds  per  acre  Incorporated  at  the 
same  depth.  With  broadcast  treatments,  only  linear  response 
to  fertilizer  rate  was  observed  for  phosphorus  and  potassium 
content  of  forage  and  total  plant.  It  is  interesting  to 
note  that  neither  linear  nor  quadratic  responses  were 
obtained  for  either  grain  yield  or  nutrient  content  of  corn 
ears.  There  is  evidence  of  luxury  consumption  at  the  high 
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fertility  rates,  especially  in  the  case  of  potassium. 
Nutrient  uptake  by  the  total  plant  Increased  linearly 
with  the  fertilizer  rate,  whereas  the  yield  of  total  dry 
matter  relationship  was  quadratic.  When  fertilizer  was 
placed  25  per  cent,  the  response  was  linear  for  the  phos- 
phorus and  potassium  content  of  corn  ears,  and  total  plant, 
linear  for  potassium  uptake  by  forage  and  quadratic  for 
phosphorus  content  of  forage.  In  view  of  the  dry  matter 
yields  (Table  22)  it  is  logical  to  conclude  that  additional 
available  phosphorus  and  potassium  were  used  to  promote 
vegetative  growth  at  the  expense  of  grain  formation.  With 
50  per  cent  placement,  there  was  a linear  response  for 
phosphorus  content  of  corn  ears,  forage  and  total  plant. 

In  the  case  of  potassium,  the  response  was  linear  for  forage 
and  total  dry  matter  and  quadratic  for  corn  ears.  Since  the 
response  for  grain,  forage  and  total  dry  matter  yields  were 
also  linear,  this  suggests  that  vegetative  and  reproductive 
growth  were  about  equally  influenced  by  these  nutrients. 

Plant  Population 

Plant  population  as  a main  effect  was  significant  for 
both  nutrients.  The  phosphorus  and  potassium  content  of 
corn  ears  were  significantly  greater  at  low  than  at  high 
plant  populations  (Tables  9 and  10).  However,  for  the  total 
plants,  the  nutrient  contents  were  nearly  the  same  at  the 
medium  and  high  plant  populations  and  significantly  higher 
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TABLE  9 

Phosphorus  content  of  corn  ear,  forage  and  total  plant  of 
DeKalb  805  and  Florida  200  In  relation  to  plant 
population  on  Leon  fine  sand,  1963. 


Hybrid 

Phosphorus  uptake,  lbs. /acre 

la 

2 

3 

Average 

Corn  ear 

DeKalb  805 

15.10 

14.05 

13.97 

14.37 

Florida  200 

13.16 

15.08 

ilxOl 

13.08 

Average 

14.13 

14.57 

12.49 

13.73 

Forage 

DeKalb  805 

2.94 

3.69 

6.45 

4.36 

Florida  200 

6.44 

8.03 

9.65 

8.04 

Average 

4.69 

5.86 

8.05 

6.20 

Total  plant 

DeKalb  805 

18.04 

17.74 

20.42 

18.73 

Florida  200 

19.60 

2hl0 

go.  67 

2102 

Average 

18.82 

20.42 

20.55 

19.93 

aThe  plant  population  rates  were  19,360,  27,922  and 
38.720  plants  per  acre  for  numbers  1,  2 and  3,  respectively. 
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TABLE  10 

Potassium  content  of  corn  ear,  forage  and  total  plant  of 
DeKalb  805  and  Florida  200  In  relation  to  plant 
population  on  Leon  fine  sand,  1963. 


Hybrid 

Phosphorus 

uptake , 

lbs ./acre 

I* 

^5 

Average 

Cora 

ear 

DeKalb  805 
Florida  200 

35.51 

19.16 

36.03 

22.02 

33.50 

17.28 

35.01 

19.49 

Average 

27.34 

29.03 

25.39 

27.25 

Forage 

DeKalb  805 
Florida  200 

58.77 

81.37. 

62.23 

97.32 

67.62 

97.14 

62.87 

93.94 

Average 

73.07 

79.78 

82.38 

78.41 

Total  plant 

DeKalb  805 
Florida  200 

94.28 

106.62 

98.26 

119.34 

101.13 

114.42 

97.89 

113.46 

Average 

100.45 

108.80 

107.78 

105.68 

The  plant  population  rates  were  19,360,  27,922  and 
38,720  plants  per  acre  for  numbers  1,  2 and  3,  respectively. 
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than  at  the  low  population.  These  nutrient  uptake  rela- 
tionships were  exactly  parallel  to  those  obtained  for 
yields  of  dry  matter  (Table  6). 

Hybrid 

The  phosphorus  and  potassium  content  of  corn  ears 
were  higher  and  of  forage  and  total  plant  lower  in  DeKalb 
805  than  in  Florida  200  (Tables  9 and  10).  In  both  hybrids 
more  phosphorus  and  less  potassium  was  found  in  the  corn  ears 
than  in  the  forage. 

Although  Florida  200  contained  significantly  higher 
potassium  in  the  forage  than  DeKalb  805,  it  lodged  more 
heavily.  In  general,  potassium  has  been  found  to  reduce 
lodging.  Johnson  (60)  observed  that  potassium  increased 
the  strength  of  the  corn  stalk  and  thus  ensured  successful 
results  from  dressings  of  nitrogen.  Wlttels  and  Seatz  (148) 
found  that  potash  fertilization  at  high  nitrogen  rates 
reduced  stalk  breakage  but  had  no  effect  at  low  nitrogen 
levels. 

There  was  a significant  interaction  between  plant  popu- 
lation and  hybrid  in  the  case  of  phosphorus  content  of  corn 
ears  and  total  plant.  This  interaction  was  due  to  the  fact 
that  for  DeKalb  805,  the  phosphorus  content  averaged  between 
low  and  high  plant  populations  was  greater  than  the  content 
at  the  medium  population  while  the  opposite  trend  was 
observed  for  Florida  200. 
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Fertility  interacted  significantly  with  hybrid  in 
the  case  of  potassium  uptake  by  corn  ears,  forage  and 
total  plant.  The  nature  of  this  interaction  was  not 
explored.  Furthermore,  in  the  case  of  potassium  content 
of  total  plant,  this  interaction  became  insignificant 
when  it  was  tested  against  its  own  error. 

Recovery  of  Added  Fertilizer 

The  uptake  of  fertilizer  phosphorus  and  potassium 
by  the  total  plant  was  estimated  by  subtracting  the  amount 
of  these  nutrients  absorbed  by  plants  growing  in  the  check 
plots  from  that  absorbed  by  plants  in  the  fertilized  plots. 
These  data  and  the  percentage  recovery  of  phosphorus  and 
potassium  added  in  the  fertilizer  are  presented  in  Tables 
11  and  12.  As  the  fertilization  rate  decreased,  the  per- 
centage recovery  of  the  two  nutrients  increased.  The 
percentage  recovery  of  phosphorus  was  considerably  lower 
than  that  of  potassium.  DeKalb  805  recovered  larger 
quantities  of  fertilizer  phosphorus  than  did  Florida  200 
but  smaller  amounts  of  potassium. 

DeWit  (24)  used  the  following  equation  to  calculate 
the  percentage  recovery  of  nutrients  from  localized  place- 
ment (Rp)  as  estimated  from  the  recovery  percentage  of 
broadcast  fertilizer  (Rb). 

Rr  = 100(Xb/Xr)°-56Rb 

100+  [(Xb/Xr)0*56.1J 


(13) 
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TABLE  11 

Recovery  of  fertilizer  phosphorus  by  DeKalb  805  and  Florida 
200  with  various  fertility  treatments  on  Leon  fine  sand, 

1963. 


Fertilizer  phosphorus  in  total  plant 
Fertility  Phosphorus  DeKalb  805  Florida  200 

treatment  applied  Content  Recovery  Content  Recovery 


lbs. /acre 

lbs. /acre 

% 

lbs. /acre 

% 

4/100 

176 

18.92 

10.75 

17.37 

9.87 

2/100 

88 

15.30 

17.39 

13.27 

15.08 

1/100 

44 

12.71 

28.89 

10.49 

23.84 

2/50 

88 

13.63 

15.49 

13.08 

14.86 

2/100, 

3 

in. 

88 

19.48 

22.14 

15.69 

17.83 

1/50 

44 

10.67 

24.15 

10.26 

23.32 

1/100 , 

3 

in. 

44 

14.13 

32.11 

10.96 

24.91 

0.5/50 

22 

8.21 

37.32 

5.57 

25.32 

2/25 

88 

15.38 

17.49 

16.68 

18.95 

1/25 

44 

9.33 

21.20 

8.87 

20.16 

0.5/25 

22 

6.81 

30.95 

5.10 

23.18 

aRate  in  thousands  of  pounds  per  acre  and  per  cent  of 
area  fertilized  (see  Table  1).  Depth  of  Incorporation  was 
6 inches  except  where  indicated. 
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TABLE  12 

Recovery  of  fertilizer  potassium  by  DeKalb  805  and  Florida 
200  with  various  fertility  treatments  on  Leon  fine  sand, 

1963. 

Fertility  Potassium  gft* 

treatmenta  applied  Content  Recovery  Content  Recovery 


lbs. /acre 

lbs. /acre 

% 

lbs ./acre 

% 

4/100 

500 

134.99 

27.00 

170.91 

34.18 

2/100 

250 

100.06 

40.02 

111.92 

44.77 

1/100 

125 

77.14 

61.71 

60.89 

48.71 

2/50 

250 

88.66 

35.46 

114.41 

45.72 

2/100, 

3 

in.  250 

99.56 

39.82 

106.86 

42.74 

1/50 

125 

68.34 

45.14 

61.90 

49.52 

1/100, 

3 

in.  125 

56.43 

54.67 

67.70 

54.16 

0.5/50 

63 

39.88 

63.81 

41.11 

65.78 

2/25 

150 

102.56 

41.02 

118.85 

47.54 

1/25 

125 

60.50 

48.40 

59.73 

47.78 

0.5/25 

63 

44.29 

70.86 

32.24 

51.58 

aRate  in  thousands  of  pounds  per  acre  and  per  cent  of 
area  fertilized  (see  Table  1).  Depth  of  incorporation  was 
6 inches  except  where  indicated. 
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where  Xr  and  are  width  of  fertilizer  hand  and  distance 
between  crop  row,  respectively.  This  equation  is  derived 
from  the  compensation  function  and  Incorporates  a cor- 
rection factor,  10?_.  . .g , for  the  more 

100.  [(Xb/Xr)°-^-l]Rb 

rapid  decrease  in  the  fertilizer  concentration  with  time 
in  the  band  than  in  the  broadcast  placement.  If,  for  pur- 
pose of  illustration,  Xr/X^  = 0.50,  the  correction  factor 
will  have  the  values  of  0.96,  0.91  and  0.87  where  R^  is 
equal  to  10,  20  and  30  per  cent,  respectively.  However, 
for  Xr/Xb  = 0.25,  the  fraction  will  have  the  values  of 
0.90,  0.81  and  0.74  for  the  same  values  of  R^  as  above. 

This  indicates  that  as  the  recovery  of  broadcast  fertili- 
zer increases,  the  need  for  the  correction  function 
increases.  Furthermore,  for  a given  Rfc,  the  correction 
factor  is  of  increasing  significance  as  Xp/X^  decreases. 

In  the  present  experiment,  there  were  9 fertility 
treatments  where  the  recovery  of  phosphorus  and  potassium 
could  be  calculated  from  equation  13.  These  calculated 
percentages  and  the  observed  percentages  are  given  in 
Tables  13  and  14.  As  the  percentage  recovery  increased, 
there  was  a tendency  for  the  spread  between  observed  and 
calculated  values  to  increase.  At  the  high  recoveries,  the 
calculated  values  tended  to  be  higher  than  the  observed; 
the  recovery  of  phosphorus  was  lower  than  that  of  potassium 
and  the  calculated  and  observed  values  were  closer  for 
phosphorus  than  for  potassium. 
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TABLE  13 

Observed  and  calculated  percentage  recovery  of  fertilizer 
phosphorus  by  DeKalb  805  and  Florida  200  obtained  with 
localized  fertilizer  placement  on  Leon  fine  sand, 

1963. 


„ ,Phos-  l’eilt4Uzer,.phpsphffrus.  yecpyery 

Fertility  phorus  DeKalb  805  Florida  200 

treatment  added5  Observed  Calculated^  Observed  Calculated 


ppm. 

% 

2/50 

88 

15.49 

1/50 

44 

24.25 

0.5/50 

22 

37.32 

2/100,  3 in. 

88 

22.14 

1/100,  3 in. 

44 

32.11 

1/25 

44 

21.20 

0.5/25 

22 

30.95 

1/25 

88 

21.20 

0.5/25 

44 

30.95 

% 

% 

% 

15.04 

14.86 

13.86 

23.63 

23.32 

20.70 

37.39 

25.32 

31.51 

15.04 

17.83 

13.86 

23.63 

24.91 

20.70 

21.22 

20.16 

20.42 

32.00 

23.18 

30.89 

20.72 

20.16 

19.20 

31.35 

23.18 

27.82 

a Phosphorus  added  per  unit  volume  of  fertilized  soil. 

^Calculated  with  equation  13  from  the  percentage 
recovery  for  a broadcast  treatment  (except  in  comparisons 
Involving  placed  25  per  cent  vs.  50  per  cent  and  broadcast 
incorporated  3 inches  vs.  6 inches)  which  had  the  same  amount 
of  fertilizer  per  unit  volume  of  soil  as  the  placed  treatment. 
Xr/Xb  =0.50  except  in  the  last  two  treatments  where  Xr/x^  = 

0.25. 
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TABLE  14 

Observed  and  calculated  percentage  recovery  of  fertilizer 
potassium  by  DeKalb  805  and  Florida  200  obtained  with 
localized  fertilizer  placement  on  Leon  fine  sand, 

1963. 


Fertility 

treatment 

Po tas- 
slum 

Fertilizer  potassium  repp 

DeKalb 

JOS 

Florida  500 

added*1  Observed  Calculated" 

Observed 

Calculated 

ppm. 

% 

% 

% 

% 

2/50 

250 

35.46 

35.22 

45.72 

43.29 

1/50 

125 

54.67 

49.51 

54.16 

54.37 

0.5/50 

63 

63.81 

70.32 

65.78 

58.27 

2/100. 

3 in.  250 

39.82 

35.22 

42.74 

43.29 

1/100 , 

3 in.  125 

45.14 

49.51 

49.52 

54.37 

1/25 

125 

48.40 

44.68 

47.78 

55.32 

0.5/25 

63 

70.86 

63.94 

51.58 

63.46 

1/25 

250 

48.40 

44.52 

47.78 

52.98 

0.5/25 

125 

70.86 

59.15 

51.58 

63.75 

aPotassium  added  per  unit  volume  of  fertilized  soil. 

^Calculated  with  equation  13  from  the  percentage 
recovery  for  a broadcast  (except  in  comparisons  Involving 
placed  25  per  cent  vs.  50  per  cent  and  broadcast  incor- 
porated 3 inches  vs.  6 Inches)  which  had  the  same  amount  of 
fertilizer  per  unit  volume  of  soil  as  the  placed  treatment 
Xr/Xb  =0.50  exoept  in  the  last  two  treatments  where  Xp/x^  = 

0.25. 
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The  differences  between  observed  and  calculated 
recovery  of  fertilizer  phosphorus  were  higher  with  Florida 
200  than  DeKalb  805.  In  the  case  of  potassium  this  trend 
was  reversed,  namely,  for  DeKalb  805  the  differences  were 
more  than  those  for  Florida  200,  The  variations  between 
observed  and  oalculated  values  of  phosphorus  recovery 
were  wider  for  2000  and  1000  pounds  of  fertilizer  per 
acre  incorporated  at  3 inches  than  for  the  rest  of  fer- 
tilizer treatments.  For  potassium  the  differences  between 
observed  and  calculated  recoveries  were  nearly  the  same 
for  every  fertilizer  treatment. 

The  theoretical  ratios  between  Ur  (nutrient  uptake 
from  placed  fertilizer) and  Ub  (yield  of  nutrient  from  broad- 
cast fertilizer)  oalculated  from  the  DeWit  compensation 
function 

Vub  = <W°,4A  (14) 

were  0.75  and  0.54  for  the  placement  ratios  of  0.50  and 
0.25,  respectively.  These  latter  values  were  called  com- 
pensation factors  by  DeWit.  This  equation  applies  when  the 
concentrations  of  fertilizer  in  the  band  and  broadcast 
patterns  are  the  same.  In  the  present  study  nine  treatment 
comparisons  met  this  requirement  and  the  observed  Uj/U^ 
values  in  each  case  for  phosphorus  and  potassium  are  given 
in  Tables  15,  16,  17  and  18.  It  is  interesting  to  note  that 
for  phosphorus  the  differences  between  the  observed  values  of 
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bNote  that  the  two  treatments  Involved  Include  placed  vs.  broadcast 
placed  25  per  cent  vs.  50  per  cent  broadcast  Incorporated  3 Inches  vs.  6 
Inches.  Equation  15  was  used  for  the  calculated  values  where  Xr/Xfc  = 0. 
In  all  comparisons  except  the  last  two  where  Xr/Xfc  = 0.25. 
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ur/ub  and  the  theoretical  values  of  0.75  and  0.54  were 
smaller  than  those  for  potassium.  The  observed  Ur/Ub 
values  were  lowest  for  potassium  in  most  oases.  This 
was  undoubtedly  due  to  two  reasons.  First,  the  percentage 
recovery  of  fertilizer  phosphorus  was  lower  than  that  of 
potassium  (Tables  11  and  12).  This  is  an  important  con- 
sideration in  the  use  of  the  compensation  function,  because 
DeWit  (24)  stated  that  the  compensation  function  could  be 
used  to  calculate  Ur  from  Ub  under  conditions  where  the 
recovery  of  placed  fertilizer  did  not  exceed  30  per  cent. 
Second,  it  would  be  expected  that  the  reaotion  of  phos- 
phorus with  the  soil  would  tend  to  keep  this  nutrient  within 
the  volume  of  soil  in  which  it  was  placed.  This  likewise 
is  an  important  consideration  in  using  the  compensation 
function. 

The  importance  of  the  recovery  percentage  in  affecting 
the  observed  values  can  also  be  seen  in  the  increasing 

values  of  with  increasing  rates  of  fertilization 

(recovery  percentage  decreasing).  Singh  and  Black  (124), 
in  a greenhouse  Btudy  with  phosphorus,  noted  a consistent 
tendency  for  the  observed  values  of  Uy/U^  to  increase  with 
an  increase  in  applied  fertilizer  phosphorus.  They  stated 
that  this  might  result  from  a more  rapid  rate  of  decrease 
of  fertilizer  (more  Intense  plant  uptake)  in  the  band  than 
in  the  broadoast  pattern  - a difference  whioh  would  be  more 
marked  at  lower  rates  of  fertilizer. 
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The  observed  Uy/U^  values  for  the  two  hybrids  differed 
materially.  For  Florida  200  the  range  of  values  from  high 
to  low  was  greater  than  for  DeKalb  805,  especially  if  one 
exoludes  the  comparison  involving  depth  of  fertilizer 
placement.  The  tendenoy  for  the  Florida  200  data  to  be 
more  variable  was  noted  in  material  already  presented. 

In  the  comparison  between  broadcast  fertilizer  incor- 
porated 3 inches  versus  6 inohes,  observed  Uy/U^  values 
were  larger  than  the  theoretical  value  of  0.75  for  the 
two  hybrids,  in  the  case  of  phosphorus.  With  potassium, 
the  observed  values  were  lower  than  0.75.  It  is 

not  clear  why  suoh  behavior  was  observed  in  the  present 
study. 

It  is  not  logical  to  expeot  the  observed  Ur/u^  values 
to  be  as  high  as  the  theoretical  0.75  and  0.54  in  view  of 
the  relatively  high  recovery  percentages  obtained.  The 
DeWit  compensation  function  was  derived  with  the  assumption 
that  the  decrease  in  fertilizer  concentration  with  time 
would  be  the  same  in  the  band  as  in  the  broadcast  pattern. 
Obviously  this  did  not  hold  in  the  present  experiment.  The 
discrepancy  between  the  fertilizer  concentration  in  the  band 
and  broadcast  treatments  became  greater  as  the  recovery  of 
fertilizer  increased.  Calculation  of  U^/U.  values  on  the 
basis  of  high  recovery  percentages  oan  be  made  from  equation 
13  which  includes  DeWit's  correction  factor  or  from  the 
following  equation  derived  from  equation  13. 
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The  notations  are  the  same  as  previously  given,  except 
that  Mb  represents  the  amount  of  nutrient  broadcast.  The 
Ur/U^  values  calculated  from  U^/M^  data  and  this  equation 
are  also  Included  in  Tables  15,  16,  17  and  18. 

In  general,  there  was  a remarkable  agreement  between 
observed  and  calculated  Ur/U^  values.  In  the  case  of 
phosphorus,  the  difference  between  observed  and  calculated 
values  of  was  significant  at  5 per  cent  level  of 

probability  only  where  broadcast  incorporated  3 inches  was 
compared  with  6 inches.  The  spread  between  observed  and 
calculated  values  for  phosphorus  was  smaller  for 

DeKalb  805  than  Florida  200.  For  potassium,  this  dif- 
ference between  hybrids  was  not  so  marked. 


1 Equation  13  slightly  rearranged  and  multiplied  by 
Xr/Xb  is 

Rp/lL  (Xy/X.)  = 1Q0(Xr/Xb)°*44 

100 -f  [ (Xh/X^O.56,!]^ 

since  (Xr/Xb)(Xb/xr)°‘56  = ( Xr/Xb ) 0 • 44 . Substituting  for 
Rr  and  Rb  from  the  relationships  R_  = urIQ0  and 

R„  = !£££  one  obtains 

M'>  ,0.44 

[(WO. 56  -l]^ 


VDb  = (Xr/xb) 
1 ♦ ‘ 


which  is  equation  15. 


Mi 
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In  order  to  investigate  the  compensation  function 
further,  observed  Uy/U^  values  for  phosphorus  and  potas- 
sium, averaged  over  population  and  hybrid,  were  plotted 
in  Figures  10  and  11.  The  compensation  funotion  is 
represented  by  a solid  line  while  the  broken  lines  are 
95.8  per  cent  confidence  intervals  calculated  by  DeWit. 

It  is  evident  that  for  X^/X^  = 0.50,  the  observed  values 
for  potassium  do  not  fit  the  theory  as  well  as  for  phos- 
phorus. Furthermore,  the  fit  of  observed  values  for 
phosphorus  and  potassium  was  generally  poorer  than  the 
fit  of  the  data  originally  used  by  DeWit  (Figure  9) 
to  evaluate  the  compensation  function.  Singh  and  Black 
(124)  observed  that  uptake  of  placed  phosphorus  relative 
to  that  of  broadcast  differed  slgnlfioantly  among  phos- 
phorus and  water  levels.  However,  the  deviations  were 
in  the  same  order  of  magnitude  as  those  found  by  DeWit. 

Because  of  relatively  high  fertilizer  recovery  in 
this  experiment  even  in  the  case  of  phosphorus,  the  most 
proper  comparison  is  between  the  observed  and  calculated 
values  of  Up/u^  as  previously  presented  (Tables  15,  16, 

17  and  18).  However,  one  may  also  compare  the  theoretical 
values  of  0.75  and  0.54  with  observed  values  of  Ur/U^ 
adjusted  with  DeWit's  correction  faotor.  The  adjusted 
observed  values  shown  in  Table  19  were  obtained  by  dividing 
the  observed  values  by  1 » which 


u[(xb/xr)u-^-1]  £& 

My, 


Figure  9.  Relationship  between  Ur/Uto  and  Xp/X^j 

data  of  DeWit.  The  solid  line  represents 
the  oompensation  function  and  the  broken 
lines  the  95.8  per  oent  confidenoe  interval 
oaloulated  by  DeWIt. 
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xr/  xb 


Figure  10.  Relationship  between  and  Xy/X^ 

for  phosphorus.  Solid  and  broken  lines 
same  as  in  Figure  9. 
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Figure  11.  Relationship  between  Uj/U^  and  Xp/X^ 

for  potassium.  Solid  and  broken  lines 
same  as  In  Figure  9. 
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TABLE  19 

Theoretical  and  adjusted  observed  Uj/U^  values  In  relation 
to  fertilizer  rate  and  placement  pattern. 


Fertility  treatment 

V°b 

Localized  Broadcast 
placement  placement 

55 . , 

Phosphorus  Potassium 

Theoretical 

2/50 

4/100 

0.77 

0.78 

0.75 

1/50 

2/100 

0.81 

0.78 

0.75 

0.5/50 

1/100 

0.67 

0.76 

0.75 

2/100, 

3 in.  4/100 

1.04 

0.80 

0.75 

1/100, 

3 in.  2/100 

0.95 

0.68 

0.75 

1/25 

2/50 

0.75 

0.73 

0.75 

0.5/25 

1/50 

0.65 

0.73 

0.75 

1/25 

4/100 

0.56 

0.54 

0.54 

0.5/25 

2/100 

0.49 

0.55 

0.54 

100 


Is  DeWit's  correction  factor  included  in  equation  15. 

There  was  only  one  case  for  potassium  and  three  cases 
for  phosphorus  where  these  adjusted  Up/U^  values 
(calculated  for  combined  hybrids)  failed  to  come  within 
the  confidence  interval  calculated  by  DeWit. 

Thus,  whether  the  comparison  was  made  between 
observed  and  calculated  Up/U^  values,  or  between  DeWit's 
confidence  intervals  and  observed  Up/U^  values  adjusted 
for  high  recovery,  the  result  was  a reasonably  good  agree- 
ment between  theory  and  aotual  field  data. 


SUMMARY  AND  CONCLUSIONS 


An  investigation  was  made  of  the  effect  of  fertilizer 
rate  and  plaoement  pattern  and  plant  population  on  the 
yield  and  nutrient  uptake  of  two  oora  hybrids  grown  on 
Leon  fine  sand  with  water  tables  controlled  at  18-  and  30- 
inoh  depths.  The  experimental  design  was  a randomized 
block  with  72  treatments  in  a factorial  arrangement.  The 
treatments  consisted  of  12  fertility  combinations  using 
different  rates  of  broadcast  and  band  applied  fertilizer, 

3 plant  populations  and  2 hybrids.  The  maintenance  program 
consisted  of  side-dressing  the  com  with  ammonium  nitrate 
to  give  the  equivalent  of  a 15-10-15  (N-P205-K20)  ferti- 
lizer grade,  application  of  DDT  for  budworm  oontrol  and 
use  of  atrazlne  for  weed  eradication.  Preoipitation  was 
the  only  weather  measurement  made  at  the  experimental  site. 
The  main  criteria  of  response  were  yields  of  grain,  forage 
and  total  dry  matter  and  phosphorus  and  potassium  uptake 
by  oora  ears,  forage  and  total  plant.  These  responses  were 
evaluated  statistically  by  making  oombined  analyses  of 
variance  on  the  two  water  tables.  Furthermore,  a more 
detailed  study  of  grain,  forage  and  total  dry  matter  yields 
was  made  by  regression  analyses. 
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Soil  analysis  after  termination  of  the  experiment 
showed  that  soil  pH  and  the  amounts  of  phosphorus,  potas- 
sium, oaloium  and  magnesium  deoreased  with  depth.  In 
general,  oaloium  tended  to  reaoh  only  into  the  6-  to 
12-inch  soil  layer  while  potassium  and  magnesium  moved 
through  the  profile  to  depths  of  12  to  18  inches. 

Fertility,  plant  population  and  hybrid  as  main  exper- 
mental  variables  significantly  affected  yield  and  nutrient 
uptake.  Several  comparisons  within  the  fertility  variable 
were  of  interest.  In  general,  yields  of  grain,  forage  and 
total  dry  matter  were  nearly  the  same  with  3-inch  as  with 
6-inoh  incorporation  of  broadcast  fertilizer.  However, 
more  potassium  was  absorbed  in  the  6-inoh  than  the  3-lnoh 
treatment.  This  indicates  the  possibility  of  luxury  con- 
sumption of  potassium  in  the  case  of  broadcast  fertilizer 
incorporated  6 inches.  There  was  no  significant  difference 
between  the  effect  of  50  and  25  per  cent  fertilizer  place- 
ment either  on  yields  of  dry  matter  or  nutrient  uptake  with 
the  exception  that  phosphorus  uptake  by  forage  was  higher 
with  fertilizing  25  per  cent  of  the  area.  Yields  of  dry 
matter  and  nutrient  uptake  were  both  Improved  to  a greater 
extent  by  broadcasting  the  fertilizer  than  by  plaolng  it 
in  bands. 

When  three  rates  of  fertilizer  (500,  1000  and  2000 
pounds  per  acre)  were  plaoed  in  one-fourth  of  the  area, 
the  response  was  quadratlo  for  grain  and  linear  for  forage 
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and  total  dry  matter.  For  nutrient  uptake,  linear  re- 
sponses were  observed  In  all  oases  except  for  the  phos- 
phorus content  of  forage  where  the  response  was  quadra tlo. 

In  view  of  the  linear  response  obtained  for  the  yield  of 
dry  matter  and  the  quadratic  response  for  grain  yields, 

It  is  logical  to  oonolude  that  the  additional  amounts  of 
phosphorus  and  potassium  absorbed  by  the  plant  as  fertilizer 
rate  increased  were  used  to  promote  vegetative  growth  at 
the  expense  of  grain  formation. 

Where  fertilizer  (500,  1000  and  2000  pounds  per  acre) 
was  placed  in  one-half  the  area  the  response  was  linear 
for  both  yield  of  dry  matter  and  nutrient  uptake.  Vegeta- 
tive and  reproductive  growth  were  about  equally  influenced 
by  the  nutrients. 

The  response  to  broadcast  fertilizer  (1000,  2000  and 
4000  pounds  per  acre)  was  neither  linear  nor  quadratic  for 
either  grain  or  nutrient  oontent  of  com  ears.  However 
response  was  quadratic  for  yields  of  forage  and  total  dry 
matter  and  linear  for  phosphorus  and  potassium  oontent  of 
forage  and  total  plant.  This  indicates  that  luxury  con- 
sumption of  nutrients  ooourred,  at  least  at  the  2000  and 
4000  pounds  per  aore  rates. 

The  nutrient  uptake-plant  population  relationships  were 
parallel  to  the  yitld-plant  population  relationships  for 
grain,  forage  and  total  dry  matter.  The  grain  response 
(yield  and  nutrient  oontent)  increased  up  to  medium  plant 
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population  and  deoreased  thereafter,  while  forage  and 
total  dry  matter  reeponees  (yield  and  nutrient  content) 
Increased  with  plant  population. 

The  overall  average  grain  production  of  DeKalb  805 
was  higher  than  that  of  Florida  200,  However,  the  latter 
hybrid  produced  more  forage  and  total  dry  matter  than  the 
former  hybrid.  Furthermore,  the  phosphorus  and  potassium 
oontent  of  corn  ears  were  higher  and  of  forage  and  total 
plant  lower  In  DeKalb  805  than  Florida  200.  There  was  a 
significant  interaction  between  fertility  and  hybrid  for 
yields  of  grain  and  forage.  However  this  interaction  was 
Insignificant  when  tested  against  its  own  error.  Moreover, 
hybrid  Interacted  significantly  with  plant  population  for 
phosphorus  uptake  and  with  fertility  for  potassium  uptake. 

The  regression  analyses  provided  twelve  yield  response 
equations  (2  hybrids,  3 plant  parts,  2 fertilizer  placement 
pattems-broadcast  and  banded).  These  equations  were  useful 
in  finding  approximate  maxima  of  response  to  fertilizer  rate 
and  plant  population  and  in  further  evaluating  hybrid  and 
fertilizer  placement  effects. 

Evaluation  of  data  pertaining  to  the  recovery  of  added 
fertilizer  showed  that  as  fertilizer  rate  increased,  the 
recoveries  of  phosphorus  and  potassium  in  total  plant  of 
the  two  hybrids  deoreased.  DeKalb  805  recovered  larger 
quantities  of  fertilizer  phosphorus  and  smaller  amounts  of 
fertilizer  potassium  than  Florida  200. 
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The  differences  between  DeWit's  theoretical  ratios  of 
uptake  from  placed  fertilizer  to  uptake  from  broadcast  fer- 
tilizer (Ur/Ub  = 0.75  and  0.54  for  Xy/X^  = 0.50  and  0.25) 
and  observed  lly/U^  values  were  smaller  for  phosphorus  than 
potassium.  However,  In  most  cases,  observed  values  of 
UrAb  for  Phosphorus  and  potassium  failed  to  oome 

within  the  confldenoe  Interval  calculated  by  DeWit.  As 
fertilizer  rate  lnoreased  and  the  recovery  rate  decreased, 
there  was  a consistent  tendency  for  the  observed  Uy/Ub 
values  to  Increase.  When  the  ratios  were  calculated  for 
broadcast  Incorporated  3 Inches  versus  6 Inches,  average 
observed  values  of  Uy/Ub  were  0.92  for  phosphorus  and  0.62 
for  potassium. 

The  failure  of  DeWit's  compensation  function  to  predict 
the  observed  Uy/ub  values  was  expected  beoause  of  the  rela- 
tively high  recovery  of  applied  fertilizer.  A correction  of 
the  compensation  funotlon  for  high  recovery  was  made  with  the 


The  caloulated  Uy/Ub  values  obtained  In  this  way  were  not 
significantly  different  from  the  observed  values  with  one 
exception.  This  was  for  phosphorus  uptake  from  fertilizer 
broadcast  and  incorporated  to  a depth  of  3 inches  compared 
to  broadcast  fertilizer  incorporated  to  a depth  of  6 inohes. 


equation 


1+  [UbAr)°-56-l]  Zb 
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When  comparison  was  made  between  theoretical  values  of 

0.75  and  0.54  and  observed  values  adjusted  by  divid- 


there  was  only  one  case  out  of  9 for  potassium  and  three 


values  failed  to  come  within  the  confidence  interval  cal- 
culated by  DeWit.  Thus  whether  a comparison  was  made 
between  observed  and  calculated  U^/U^  values  or  between 
DeWit* s confidence  intervals  and  observed  tJr/ub  values 
adjusted  for  high  reoovery,  the  result  was  a reasonably 
good  agreement  between  theory  and  actual  field  data. 

In  conclusion , the  results  of  this  one-year  experiment 
may  be  interpreted  as  follower 

1.  It  seems  that  at  low  rates  (1000  pounds  per  aore), 
broadcasting  of  fertilizer  was  more  effective  than  band 
placement  in  increasing  yields  of  grain  and  total  dry  matter. 
At  higher  rates  of  fertilization  (2000  pounds  per  aore) 
localized  placement  of  fertilizer  increased  grain  production 
to  a greater  extent  than  broadcast  application,  while  total 
dry  matter  yields  were  about  the  same  for  both  treatments. 
Similar  studies  should  be  conducted  with  other  crops  and 
hybrids  In  other  locations  with  different  environmental 
oondltions. 

2.  if  oorn  is  grown  for  forage  or  silage,  use  of  fer- 
tilizer rates  and  plant  populations  higher  than  those 
generally  used  for  grain  production  may  be  Justified.  In 


ing  by  DeWit's  oorreotion  factor, 


l 

U[(Xb/xr)°-56.! 


cases  out  of  9 for  phosphorus  where  these  adjusted 
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the  present  experiment,  maximum  grain  yields  were  predicted 
at  a broadcast  fertilizer  rate  of  2500  pounds  per  acre 
(15-10-15,  N-PgO^-KgO) , while  maximum  total  dry  matter 
yields  were  predicted  at  approximately  2700  pounds  per  acre. 

3.  In  the  selection  of  hybrids,  the  purpose  for  which 
the  orop  Is  grown  should  be  considered.  The  early,  short 
stalk  hybrid,  DeKalb  805*  was  best  for  grain  production, 
whereas  the  late,  long  stalk  hybrid,  Florida  200,  was  best 
for  forage  production.  The  unexpected  good  grain  yields 

at  the  high  plant  populations  In  this  experiment  suggest 
that  selection  and  breeding  of  maize  for  high  plant  densi- 
ties and  high  fertilization  levels  would  be  advisable. 

4,  The  DeWit  theory  on  fertilizer  placement  appears 
to  be  useful  as  a first  approximation  In  predicting  the 
relationships  between  absorption  of  fertilizer  from  band 
and  from  broadcast  applications  only  where  a correction  is 
made  for  the  effect  of  high  nutrient  recovery.  However, 
DeWlt's  compensation  funotion  se  is  not  only  Inapplicable 
In  predicting  nutrient  uptake  for  localized  placement  from 
that  of  broadcast  placement  in  the  present  study,  but  also 

is  not  helpful  in  advising  on  the  placement  pattern  of 
fertilizer  for  maximum  yield  production  on  sandy  soils  low 
in  fertility. 
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Significant  at  0.01  level  of  probability  - very  significant 
Significant  at  0.05  level  of  probability  - significant. 


TABLE  26 

Treatment  comparisons  of  fertility  and  population  rate  for  the  potassium  content  of 

corn  on  Leon  fine  sand,  1963. 
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^Significant  at  0.05  level  of  probability  - very  significant. 

°Signif leant  at  0.01  level  of  probability  - significant. 

^The  orthogonal  comparison  between  low  and  high  plant  population  is  designated 
a-,  and  between  average  of  low  and  high  plant  population  and  medium  plant  popula- 
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aRate  in  thousands  of  pounds  per  acre  and  per  cent  of  area  fertilizer  (see  Table  1) 
Depth  of  inoorporation  was  6 inches  except  where  indioated. 

bThe  plant  population  rates  were  19,360,  27.922  and  38.720  plants  per  acre  for 
numbers  1,  2 and  3,  respectively. 


BIOGRAPHICAL  SKETCH 

Manouchehr  Maftoun  was  born  in  Shiraz,  Iran, 

January  1,  1936.  After  graduation  from  high  school,  he 
entered  the  College  of  Agriculture,  Pahlavi  University 
in  1955,  where  he  received  the  degree  of  Bachelor  of 
Science  in  general  agriculture  in  1958. 

In  1959,  he  was  awarded  a scholarship  by  the  Iranian 
Department  of  Education  to  pursue  his  study  in  the  United 
States.  He  entered  the  University  of  Florida  in  September 
1959,  in  the  Department  of  Fruit  Crops  and  received  the 
Bachelor  of  Science  (Honors)  in  June  i960  and  the  Master 
of  Agriculture  in  February  1962.  He  later  transferred  to 
the  Department  of  Soils  and  is  now  a candidate  for  the 
degree  of  Doctor  of  Philosophy. 

He  is  a member  of  the  agricultural  honorary  fraternity, 
Alpha  Zeta  and  the  American  Society  of  Agronomy. 


148 


This  dissertation  was  prepared  under  the  direction 
of  the  Chairman  of  the  candidate's  Supervisory  Committee 


and  has  been  approved  by  all  members  of  the  Committee.  It 
was  submitted  to  the  Dean  of  the  College  of  Agriculture 
and  to  the  Graduate  Council  and  was  approved  as  partial 
fulfillment  of  the  requirements  for  the  degree  of  Doctor 
of  Philosophy. 

April  24,  1965 


Dean,  College  of  Agriculture 


Lean,'  Graduate  School 


Supervisory  Committee 


